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ABSTRACT
The use of sulfadoxinepyrimethaine (SP) as an intermittent preventive
treatment (IPT) against malaria during pregnancy has become a policy in most
sub-Sahara African countries but crucially depends on the efficacy of SP. This
study sets out to evaluate the effectiveness of the SP given to the pregnant
women in the selected health facilities in the Central region of Ghana to
prevent maternal malaria in the pregnant women. A cross-sectional study was
carried out to evaluate the effectiveness of SP in clearing malaria parasites in
543 pregnant women recruited from 7 selected health centres in Central
Region of Ghana. To determine the quality of SP, high performance liquid
chromatography (HPLC) was used to assay the SP in samples of the tablets
given to the pregnant women. The tablets were taken through dissolution test.
The parasite density of Plasmodium falciparum was determined from the
peripheral blood of the pregnant women using microscopy. Haemoglobin
levels as well as ABO blood types were determined. The pregnant women did
not receive IPT-SP because of either unavailability of the drug or they were
not due to take SP were 44.0%. Malaria infection was recorded in 11.2% of
pregnant women who had a history of SP consumption. Low haemoglobin
level was recorded in 73.5% of the pregnant women. Pregnant women with
blood group O had the highest frequency of 55.2% of the population. SP was
found to be sub-standard because it failed the dissolution test. IPT-SP is
ineffective in preventing malaria infection. Manufacturing practice of SP
should be improved as well as in the stocking of SP tablets at the health

centres to make it readily available to the pregnant women.
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CHAPTER ONE

INTRODUCTION

Malaria

Malaria is an infectious life threatening parasitic disease. The disease
is caused by a protozoan parasite called Plasmodium belonging to the
subphylum Apicomplexa which infects erythrocytes. The parasite is
transmitted through the bites of the blood-feeding female anopheline mosquito
(White, 2009). There are approximately 156 named species of Plasmodium
which infect various species of vertebrates. There Plasmodium species of
medical interest areP. vivax, P. ovale, P. malariae and P. falciparum. There
have been few reported cases of P.knowlesi infection in South —East Asia
(WHO, 2010).

The risk of malaria infection varies with the infecting species of
Plasmodium and with the individual’s prior health and immune status. Malaria
is characterized by frequent fever and chills, along with headaches, vomiting,
and diarrhoea. Infection fromP. falciparum can cause cerebral malaria; a
frequently fatal condition involving the brain and central nervous system.
Severe disease episodes, that is, cerebral malaria have been shown to cause
severe long term physical and neurological disability. Those who survive
cerebral malaria may experience lasting brain damage (Gollin and
Zimmermann, 2007). Malaria hasbeen associated with maternal anaemia
during pregnancy, low birth weight for babies, and also a major cause of

childhood anaemia (Gollin and Zimmermann, 2007).



Malaria begins when the female anopheline mosquito injects
plasmodial sporozoites into the host at the time of feeding. The sporozoites
enter the circulation and bore into the hepatocytes and undergo asexual
reproduction. The hepatic schizonts rupture to release merozoites into the
bloodstream. The merozoites invade erythrocytes rapidly. The parasites
multiply within the red blood cell as they consume the content of the
erythrocyte. The erythrocyte eventually becomes full of merozoites. It then
ruptures, so that the merozoites are released. The released merozoites rapidly
re-invade other erythrocytes and start a new asexual cycle. Sexual forms of the
parasite (gametocytes) develop after a series of asexual cycles. Following
ingestion in the blood meal of a biting anopheline mosquito, the male and
female gametocytes further develop, undergo fusion and multiply to form
sporozoites. The sporozoites then migrate to the salivary glands of the
mosquito from where they could be inoculated into the next human host

during feeding (White, 2009).

Environmental change and malaria

The prevalence of the malaria disease varies across the globe, largely
due to differences in the human exposure to Anopheles mosquito bites, the
genetic constitution of the host and the immune status (Weatherall et al.,
2002). Malaria transmission is also affected by climate and geography
(Fontenille et al., 1997), increased drug resistance and the lack of adequate
vector control measures (Nkuo-Akenji et al., 2006). Mosquitoes are not found
in areas of intense cold or in deserts (Sachs and Malaney, 2002). Human

exposures are also reduced in areas where mosquitoes spend winter months as



eggs or in dormant stages of their life cycle. Exposures may also be reduced in
areas where people spend significant fractions of their time indoors in
enclosed or screened buildings, or where people are dressed in ways that will
reduce exposure (Gollin and Zimmermann, 2007). Malaria transmission does
not occur at temperatures below 16 °© C or above 33 ° C, and at altitudes >2000
m because development in the mosquito (sporogony) cannot take place
(Gillies, 1988). The optimum conditions for transmission are high humidity
and an ambient temperature between 20 ° C and 30 ° C. Although rainfall
provides breeding sites for mosquitoes, excessive rainfall may wash away
mosquito larvae and pupae (Gillies, 1988).

High incidence of malaria coincides with increased mosquito
abundance (Cook and Zumla, 2009). In some areas, parasite rates (i.e. the
proportion of people with positive blood smears) are relatively constant
throughout the year, but the majority of cases still do occur during the wet
season. In Europe, before malaria eradication, P. falciparum malaria was
common in spring and in late summer and autumn, and was termed ‘aestivo-
autumnal malaria’ (Cook and Zumla, 2009).The intensity of transmission can
change. For example in Africa, the sub-Sahelian drought has reduced rainfall
and mosquito transmission in countries such as Senegal and the Gambia. In
the 1960s, transmission was not intense, and severe disease was rare in
children over 3 years of age (Brewster and Greenwood, 1993; McGregor,
1965). However in recent times, changes in agricultural practice and decreased
sanitary conditions in urban areas have promoted malaria transmission
(Messina et al., 2011). Urban malaria is becoming an increasing problem in

many countries (Cook and Zumla, 2009).



Malaria epidemiology

Malaria epidemics do not generally occur in high transmission areas
because the populations of these areas develop partial immunity to the disease
(WHO, 2004). In low transmission settings, malaria can behave as an
epidemic disease carrying a high mortality. Epidemics are caused by three
main factors: human, vector and parasite related factors. Human related factors
include relative immunity, migration and vulnerability due to other factors
such as increasing malnutrition, HIV-positive etc.(WHO, 2004). Vector
related factors also include increased breeding possibilities, the introduction of
new and more efficient vectors, vector control broken down and insecticide
resistance (WHO, 2004). Resistance to antimalarial drugs is the main parasite
factor (WHO, 2004). Epidemics have occurred in North India, Sri Lanka,
South-east Asia, Ethiopia, Madagascar, Brazil (when the formidable African
vector Anopheles gambiae was inadvertently imported from Africa in the
1930s) and more recently in Burundi and KwaZulu Natal where drug
resistance was also a contributory factor (Cook and Zumla, 2009).

Increasing international air travel and worsening antimalarial drug
resistance have led to an increase in imported cases of malaria in tourists,
travellers and immigrants. Imported malaria mostly occurs in tourists and
migrants travelling to their origin countries to visit friends and relatives
(Castelli, Odolini, Autino, Foca and Russo, 2010). The incidence of malaria
has risen markedly in several African countries, India, and Bangladesh over
recent decades (Cook and Zumla, 2009). Imported malaria is often
misdiagnosed, leading to delays in treatment and severe presentations of

falciparum malaria are not uncommon. Malaria may also be transmitted by



blood transfusion, transplantation, or through needle-sharing among
intravenous drug addicts (Gillespie and Pearson, 2001, Harinasatu and

Bunnang, 1988).

Global distribution of malaria

According to United Nations Children’s Fund (UNICEF) and Roll
Back Malaria (RBM) (2007) an estimated 3 billion people, almost half the
world’s population, live in areas where malaria transmission occurs. Malaria is
endemic in 106 countries for 2010. Malaria is one of the most important
parasitic diseases affecting sub-Saharan Africa (Enato and Okhamafe,
2005).There were 216 million cases of malaria in 2010 and 81% of these were
in sub-Saharan Africa (WHO, 2011). An estimated 3.3 billion people were at
risk of malaria in 2010 (WHO, 2011). An estimated 655 000 persons died of
malaria in 2010 (WHO, 2011). Children under 5 years of age formed 86%of
thevictims, and 91% of malaria deaths occurred in sub-Sahara Africa (WHO,
2011). About 60%, or 390 000 of malaria deaths occurred in six countries
Nigeria, the Democratic Republic of Congo, Burkina Faso, Mozambique, Cote
d’Ivoire and Mali (WHO, 2011).

Over 50 million pregnant women a year are exposed to malaria
resulting in 2,500 — 10,000 maternal deaths annually (Morley and Taylor-
Robinson, 2012), at least 60 percent of them in Africa. In sub-Sahara Africa,
25 million pregnant women are at risk of Plasmodium falciparum infection
every year, and one in four women has evidence of placental infection at the
time of delivery (Desai et al., 2007). In high transmission areas, malaria is

associated with maternal anaemia (potentially responsible for maternal death



when severe) and low birth weight due to both prematurity and intrauterine

growth retardation (Briand, Cottrell, Massougbodji and Cot, 2007).

Economic impact of malaria

Malaria causes morbidity and mortality with obvious economic
consequences. The direct individual economic impacts of the disease include
the value of lives lost, the value of time lost to sickness, care-giving time spent
by other family members (Uguru, Onwujejwe, Uzochukwu, lgiliegbe and Eze,
2009) and the expenditures on medical care, treatment, and prevention. Direct
social costs include government expenditures on malaria control and
prevention. The indirect costs may be greater still. These include changes in
human settlement and labour patterns induced by disease for example, changes
in the locations where people live or farm. Indirect costs also include the
consequences of the disease on fertility, demography, and human capital
investment; and potentially on managerial quality and technology adoption.
For example, skilled managers may prefer not to work in malarial regions,
resulting in reduced productivity levels (Sachs and Malaney, 2002).

Malaria slows economic growth in poor countries. Malaria prevalence
is negatively related to growth of per capita income. Sub-Saharan African
countries experience a reduction in income growth of 0.55 percent annually
because of malaria (Gollin and Zimmermann, 2007). Countries with intensive
malaria experience a reduction in per capita income growth of 1.3 percent
annually. All things being equal, a country experiencing endemic malaria
would have its long-term level of per capita reduced by one-third, compared

with the same country in the absence of malaria (Gallup and Sachs, 2001).



Global spending on malaria prevention and control is around $100-200 million

annually (Gollin and Zimmermann, 2007).

Malaria situation in Ghana

Malaria is the leading cause of morbidity in Ghana, accounting for
about 37.5 percent of Out Patient Department (OPD) attendance (Duanor et
al., 2010). In Ghana, malaria accounts for approximately 44 percent of
reported outpatient cases and an estimated percent of mortality in children
under 5 years of age at primary health care facilities (Gyapong et al., 2009).
Severe malaria in children under five years recorded in 2003 was about 78,392
but the number dropped to 61,462 in 2009, while severe malaria in pregnant
women in the same year was at 7,252 and dropped to 4,619 in 2009 (Duanor et
al., 2010). The number OPD deaths recorded due to malaria in 2009 was
3,900 (Duanor et al., 2010). Malaria illness cost the country an estimated
21.965 million Ghana cedis translating into 112,832 cedis per household
annually. This figure is equivalent to 9.74 percent of per capita government
expenditure on health and an average cost per case to the Ministry of Health
and Ghana Health Service is estimated at 24,571.53 cedis (Baafi and Kodzitse,
2010). Malaria is endemic in Ghana and among pregnant women. It accounts
for 28.1 percent of Out Patient Department(OPD) attendance, 13.7 percent of

hospital admissions and 9.0 percent of maternal deaths (Ahiable, 2009).



Malaria treatment and control

Vector control is the primary public health intervention for reducing
malaria transmission (Reddy et al., 2011). In high transmission areas, it is able
to reduce child mortality rates and the prevalence of severe anaemia. Two
effective vector control methods include:

1. Sleeping in long lasting insecticide impregnated nets. This provides a
sleeping individual a physical barrier against the bite of an infected
mosquito. In addition the net kills or repels mosquitoes that rest on it.
However, because of its high cost, many people are unable to afford it.
In hot climates, inhabitants may sleep outside, where there is no place
to hang a net (Heggenhougen, Hackethal, and Vivek, 2003).

2. Indoor spraying with residual insecticides, which involves applying a
long lasting insecticide to the inside of house and other structures to
kill mosquitoes resting on interior walls. The challenge with this
intervention is that, there is an increasing mosquito resistance to
insecticides, including DDT and pyrethroids, and lack of alternative,
cost effective and safe insecticides particularly in Africa (WHO, 2010).
Prompt and effective treatment of malaria within 24 hours of the onset

of symptoms is necessary to prevent life threatening complications. The
challenges to providing prompt and effective treatment for malaria in Africa
are: firstly, the majority of malaria cases are not seen within the formal health
sector. Secondly, case management has relied largely on antimalarials mainly
chloroquine and sulfadoxine-pyrimethamine (SP), which though inexpensive
and widely available and are eliminated slowly from the body (White, 2004),

are no longer very effective. The extensive deployment of these antimalarial



drugs, in the past fifty years has provided a tremendous selection pressure on
human malaria parasites to evolve mechanisms of resistance. Chloroquine has
become ineffective for the treatment of P. falciparum malaria in many parts of
the world due to development of resistance by the parasite (Shujatullah, Khan,
Khatoon, Khan and Ashfag, 2012). Resistance to SP is also widespread and
has developed much more rapidly (White, 2004). Resistance to mefloquine is
confined to only those areas where it has been widely used (Nosten, 2000).
The use of substandard antimalarial drugs has contributed to resistance of the
malaria parasite to the drug. Substandard drugs are not only ineffective and
sometimes hazardous, they also hasten the development of strains of the
malaria parasite that are resistant to the active ingredients (Chinnock, 2010).
The development of a malaria vaccine is still in progress in the
laboratories, and no potent vaccine is available (Dhanawat, Das, Nagarwal and
Pandit, 2010) for malaria that provides a high level of protection. Preventive
drugs must therefore be taken continuously to reduce the risk of infection.
Currently, the most reliable effective antimalarial drugs are
artemisinin-based combination therapies (ACTs)(Malisa and Kiriba, 2012).
ACTs treat malaria using a combination of two drugs, one of which must be a
derivative of artemisinin — the most effective antimalarial ever discovered. It
acts very quickly. The most widely used derivatives are artesunate and
artemether. For use as a first-line drug for uncomplicated malaria, one of these
two has to be combined with another longer-acting antimalarial, one known to
have a low resistance in the geographical region in question. Only four ACTs

are currently in use and they are; artesunate plus sulphadoxine/pyrimethamine,



artesunate plus amodiaquine, artesunate plus mefloquine and artemether plus
lumefantrine (Hook, 2005).

World Health Organization (WHO) policy for malaria prevention and
control during pregnancy in areas of stable transmission emphasizes a
preventive package of intermittent preventive treatment (IPT) and insecticide-
treated bed nets (ITNs) and effective case management of malaria illness and
anemia. WHO has recommended that all pregnant women in areas of stable
malaria transmission should receive at least 2 doses of IPT after quickening.
The most effective drug for IPT is sulfadoxine-pyrimethamine (SP) because of
its safety for use during pregnancy, effectiveness in reproductive-age women,
and feasibility for use in programmes, as it can be delivered as a single-dose

treatment under observation by the health worker (WHO, 2004).

Diagnosis of malaria

Clinical diagnosis of malaria is based on the patients’ signs and
symptoms, and on physical findings at examination. The earliest symptoms of
malaria are very nonspecific and variable, and include fever, headache,
weakness, myalgia, chills, dizziness, abdominal pain, diarrhoea, nausea,
vomiting, anorexia, and pruritus (Looareesuwan, 1999). A clinical diagnosis
of malaria is still challenging because of the nonspecific nature of the signs
and symptoms, which overlap considerably with other common, as well as
potentially life-threatening diseases, for example, common viral or bacterial
infections, and other febrile illnesses. The overlapping of malaria symptoms
with other tropical diseases impairs diagnostic specificity, which can promote

the indiscriminate use of antimalarials and compromise the quality of care for

10



patients with non-malarial fevers in endemic areas (Mwangi, Mohammed,
Dayo, Snow and Marsh, 2005). The accuracy of malaria diagnosis can
therefore be greatly enhanced by combining clinical and parasite based
findings (Kyabayinze, Tibenderana, Odong, Rwakimari and Counihan, 2008).

In the laboratory, malaria is diagnosed using different techniques, e.g.
conventional microscopic diagnosis by staining thin and thick peripheral blood
smears (Ngasala et al., 2008). Other concentration techniques, like quantitative
buffy coat method (Bhandari, Raghuveer, Rajeev and Bhandari, 2008), rapid
diagnostic test e.g. OptiMAL (Tagbor, Bruce, Browne, Greenwood and
Chandramohan, 2008), Paracheck (Harvey et al.,, 2008) and molecular
diagnostic methods, such as polymerase chain reaction (Holland and Kiechle,

2005) may also be used for malaria diagnosis.

Statement of the problem

In areas of full implementation of IPT in pregnancy (IPTp), increasing
resistance to SP is a growing challenge. Already in parts of Africa and
Southeast Asia, the effectiveness of SP in IPT in pregnancy is being

threatened by increasing levels of resistance to SP (Adedeji et al., 2010).

Hypothesis

IPT in pregnancy with SP is incapable of preventing malaria infection.

Rational

According to Mockenhaupt et al., (2007), at the Agogo hospital in

Ghana, clinical and parasitological parameters improved following the

11



implementation of intermittent preventive treatment in pregnancy using SP.
However, the prevalence of malaria is now considerable. The usefulness of SP
for IPT in countries facing moderate to high levels of SP resistance need to be
evaluated (WHO, 2004). SP treatment failure occurred in pregnant women in
central Ghana during 2003 — 2004 (Tagbor, Bruce and Ord, 2007). Treatment
failure might be as a result of the administration of sub-standard standard
drugs or the development of resistance of the parasite to the drug. A study to
determine the efficacy of SP given as IPT is therefore in the right direction.
The outcome of the study would contribute towards malaria policy

formulation.

Goal and objectives
The goal of this study is to determine whether IPT with SP is able to
eliminate malaria parasites from the peripheral blood of pregnant women.
The specific objectives are
1. To determine malaria infection in pregnant women who have taken SP.
2. To compare the haemoglobin levels of malaria infected pregnant
women with those of the uninfected pregnant women.
3. To determine the parity level that is more susceptible to malaria
infection.
4. To determine the relationship between the seasons and parasite
densities in pregnant women.
5. To determine the predominant and the most malaria susceptible blood

group type among the pregnant women.

12



6. To ascertain the effect of the level of maternal education on the parity
level among the pregnant women.

7. To determine the quality of SP given to the pregnant women at the
hospitals and two other SP drugs found at pharmacies and chemical

shops.

13



CHAPTER TWO

LITERATURE REVIEW

Malaria cases among pregnant women

Malaria infection during pregnancy is a major public health problem in
tropical and subtropical regions of the world. In most endemic areas of Africa,
pregnant women are the main adult risk group for malaria. Annually,
approximately 25 million African women become pregnant and are at risk of
Plasmodium falciparum malaria infection during pregnancy (Steketee et al.,
2001). The adverse effects of malaria during pregnancy are very grave.
Although frequently asymptomatic, consequences of Plasmodium falciparum
in pregnancy comprise maternal anaemia, abortion, stillbirth, intrauterine
growth retardation, low birth weight, preterm delivery, and up to 200,000
attributable infant deaths per year (Brabin, 1983; Parise, Ayisi and Nahlen,
1998; Shulman et al., 1999; Sullivan et al., 1999; Steketee et al., 2001 and van
Geertruyden, Thomas, Erhart and D’Alessandro, 2004). These effects are
caused by the presence of malaria parasites in the placenta (Agomo, Oyibo
and Odukoya-Maije, 2011). These parasites at the placental sites lead to
general placental thickening thereby hindering the passage of nutrients and
oxygen from mother to the foetus (Alvarez, Al-Khan and Apuzzio, 2005). The
use of the antimalarial drugs given in treatment doses clears the placenta of the
parasites, allowing the free passage of nutrients and oxygen to the foetus. This

minimizes the chances that a foetus will suffer the effects of malaria. It also

14



reduces the chances that a mother will end up with maternal anaemia (GHS,
NMCP, JHPIEGO, MSH and Global Fund, 2005). Malaria contributed to an
estimated 400,000 cases of anaemia among pregnant African women in 1995
(Guyatt and Snow 2001) and indirectly caused about 100,000 infant death

through low birthweight (Guyatt and Snow 2001).

Intermittent preventive treatment

For many years WHO recommended that pregnant women in malaria
endemic areas should receive an initial antimalarial treatment dose on their
first contact with antenatal services, followed by weekly chemoprophylaxis
(given at less than therapeutic dose) with an effective and safe antimalarial
drug (WHO, 1986). In most countries in Africa, chloroquine has been the drug
of choice. However, the emergence and spread of chloroquine resistant
falciparum malaria, poor patient compliance with multiple doses, and a high
incidence of chloroquine induced pruritis have limited the effectiveness and its
importation into countries like Cameroon has been officially stopped in 2002
(Whegang et al., 2010).The first African country to change the national
treatment policy from chloroquine to sulphadoxine-pyrimethamine was
Malawi in 1993, followed 4 years later by Kenya, South Africa (other than
KwaZulu-Natal), and Botswana (Bloland et al., 1998). Sulfadoxine-
pyrimethamine  (IPT-SP) is more cost-effective than chloroquine
chemoprophylaxis in primigravidae in an area of moderate to high malaria
transmission, largely because of lower costs and higher compliance with SP
(Goodman, Coleman and Mills, 2001). In a further cost-effectiveness analysis,

three different regimens were compared with febrile case management using

15



SP for a hypothetical cohort of 10,000 pregnant women in Kenya. The results
showed the two-dose SP regimen to be the least expensive strategy for
preventing low birth weight (Wolfe, 2001).

In 2000, the World Health Organization Expert Committee on Malaria
recommended that intermittent preventive treatment (IPT) with an effective
and safe, preferably one dose antimalarial drug should be made available as a
routine part of antenatal care to womenin their first and second pregnancies in
highly endemic areas (WHO, 2000). IPT involves the periodic presumptive
administration (irrespective of parasitaemia) of full curative treatment doses of
an effective antimalarial drug at predefined intervals to all pregnant women.
The administration of the antimalarial drug commences after 16 weeks
pregnancy or after quickening as part of routine antenatal care. Intermittent
preventive treatment has proven efficacious in reducing the burden of malaria
in pregnancy (Valley, Valley, Changalucha, Greenwood and Chandramohan,
2007). WHO recommends a schedule of 4 antenatal clinic visits, with three
visits after quickening (WHO, 2004). The delivery of IPT with each scheduled
visit after quickening ensures that a high proportion of women receive at least
2 doses. IPT-SP doses should not be given more frequently than monthly.
Currently, sulfadoxine-pyrimethamine (SP) is the WHO recommended drug
for prevention of malaria during pregnancy where transmission of
Plasmodium falciparum malaria is stable and where resistance to SP is low
(Briand, Dennoeud, Massougbodji and Cot, 2008) for the following reasons;

a) Effectiveness: SP is the single dose antimalarial with the best overall

effectiveness for prevention of malaria in pregnancy in areas of Africa with
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stabletransmission of Plasmodiumfalciparum malaria and also where
resistance to SP is low.

b) Efficacy: Very good in clearing susceptible placental parasites.

c) Safety: No significant side effect when used appropriately in pregnancy
has been observed.

d) Acceptance: Demonstrated high levels of IPT acceptance by pregnant
women.

e) Compliance: Good because drug is delivered as a single dose treatment
under observation by health worker and thereby minimizing compliance
problems.

The standard SP contains 500mg sulfadoxine and 25mg pyrimethamine
(WHO, 2010). SP given at therapeutic dose — is the single-dose antimalarial
with the best overall effectiveness for prevention of malaria in pregnancy in
areas with high transmission, and low resistance to SP. In areas of stable
malaria transmission, non-pregnant adults have high levels of immunity to
malaria and usually do not become severely ill with infection. However,
pregnant women, especially primigravidas have increased susceptibility to
malaria. One dose of intermittent preventive treatment with the drug
combination sulfadoxine-pyrimethamine during the first 26 weeks of
pregnancy has been shown to decrease a woman’s risk of malaria by 85% and
anaemia by 50% (Czechowicz, Maldonado and Benavente, 2006)

Some precautionary measures taken with regards to the administration
of SP includes, SP

a) Isnot given to a pregnant woman in the first trimester (less than 13

weeks of gestation).
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b) is not given to a pregnant woman who has received recent treatment
with SP (less than one month ago).

c) isnot given to a pregnant woman who is allergic to sulphur drugs.

d) should not be given to a pregnant woman who is taking co-trimoxazole
to treat other infections (GHS, NMCP, JHPIEGO, MSH and Global Fund,

2005).

IPT with SP in pregnancy in some African countries

In 2000 the Roll Back Malaria (RBM) movement set a target of
providing for at least 60% of pregnant women with an insecticide treated net
(ITN) and at least two courses of IPT by the year 2010 (WHO, 2000). Owing
to WHO’s recommendations of IPT as a protection for pregnant women
against malaria infection in malaria endemic areas, many African countries
adopted IPT as a national policy.

In April 2001, the Kenyan National Malaria Strategy was launched
with the management and prevention of malaria in pregnancy as a major
component with a stated aim to ensure that 60% of pregnant women were
using an ITN or effective IPT by 2006 (MOH, 2001). The Division of
Reproductive Health (DRH) of the Kenyan Ministry of Health developed an
implementation strategy to ensure the effective clinical management of
anaemia and delivery of IPT among Antenatal Care (ANC) attendees with the
support of the John Hopkins Programme for International Education in
Reproductive Health (JHPIEGO) and financial support from the Department

for International Development (DFID), United Kingdom. Pregnant women in
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Kenya are given IPT of at least two doses of SP at the antenatal care (ANC)
clinics (Gikandi, Noor, Gitonga, Ajanga and Snow, 2008).

In Tanzania, malaria is a major health problem in pregnancy. Malaria
is responsible for more than one-third of deaths of children under the age of
five years and for up to one-fifth of deaths among pregnant women (Mboera,
Makundi and Kitua, 2007). Tanzania adopted the policy of SP for IPT in
pregnancy since August 2001 (Tarimo, 2007). The first dose is given in the
20" week of pregnancy and second dose in between the 30" and 36™ week
under a directly observed therapy so as to improve coverage. Despite the very
high rate (80%) of attendance to the Reproductive and Child Health (RCH)
clinics in Tanzania, only 29% of mothers would receive and take SP for IPT
the picture being similar in other holoendemic settings. A number of socio-
cultural factors such as awareness of the benefits, availability and accessibility
at the RCH clinics, perceived efficacy and safety; and convenience for use
might influence receipt and intake of SP for IPT (Tarimo, Minjas and
Bygbjerg, 2001).

In 2005, the Ministry of Health of Burkina Faso adopted IPT with SP
to replace weekly chloroquine chemoprophylaxis, whose efficacy had declined
because of widespread resistance (Sirima et al., 2003) in pregnancy. IPT with
SP is only administered to pregnant women who only present themselves at
the ANC clinics.

Nigeria adopted the IPT strategy in 2005 (FMOH, 2005; Efunshile et
al., 2011). The National Malaria Treatment Guideline and Policy in Nigeria
recommends SP as first line agent for IPT in pregnancy and quinine for

treatment of clinical malaria in all trimesters (Akinleye, Falade and Ajayi,
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2009). IPT with SP is administered by a health worker at least twice to all
pregnant women after quickening and at intervals of 4 weeks, under direct
observation (FMOH, 2005).

In Malawi, anti-malarial chemoprophylaxis during pregnancy has been
the primary strategy for malaria control in pregnancy for many years with
chloroquine initially introduced in 1987. In 1993 sulfadoxine-pyrimethamine
(SP) replaced chloroquine with a change from weekly chloroquine prophylaxis
to IPT (FMOH, 2005).

IPT-SP policy was adopted in Benin in 2004, but its implementation in
the field did not truly begin until 2006 (d’Almeida et al., 2011). A study
conducted in Benin from 2004 to 2005 (Briand et al., 2008) proved the

efficacy of IPT-SP against IPT-chloroquine (d’Almeida et al., 2011).

IPT with SP in Ghana

Malaria in pregnancy and related morbidity are frequent occurrence in
Ghana(Mockenhaupt et al., 2000). Ghana started the implementation of IPT in
pregnancy with three recommended doses of SP at the end of 2004
(Hommerich et al., 2007). IPT of malaria during pregnancy is based on the
assumption that every pregnant woman living in areas of high malaria
transmission has malaria parasites in her blood or placenta, whether or not she
has symptoms of malaria. All asymptomatic pregnant women receive regular
doses of sulfadoxine-pyrimethamine (SP) as an IPT during the second and
third trimesters to clear a presumed burden of parasites, while mothers with

signs and symptoms of malaria get prompt treatment according to the national
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treatment guidelines. The drug of choice for IPT in Ghana is sulfadoxine-
pyrimethamine (SP).

The free antenatal care in Ghana (Arthur, 2012) requires that pregnant
women are given malaria prophylaxis in the form of SP tablets obtained from
a particular pharmaceutical firm. IPT-SP is given at the antenatal clinic (ANC)
or at the where there is supervision of a midwife or health worker through a
directly observed treatment (DOT) method. Up to a maximum of three doses
is recommended by the Ministry of Health. First dose is given after quickening
or 16 weeks, second dose is given at least one month after the first dose and

the third dose, given at least one month after the second dose.

Malaria induced anaemia in pregnancy

Anaemia is an important public health problem worldwide and the
most vulnerable group, are pregnant women and children (Glover-Amengor,
Owusu and Akanmori, 2006). Malaria during pregnancy poses great risks to
both mother and child. The most common risk is anaemia. Anaemia increases
the mother’s risk for placental abruption, pre-term labour and maternal death
and puts the developing baby at risk of low birth weight and miscarriage
(Czechowicz, Maldonado and Benavente, 2006). Malaria infection in
pregnancy is associated with maternal anaemia which, together with placental
malaria lead to an increased risk of intra-uterine growth retardation, abortion,
pre-term delivery, low birth weight and still births (Steketee, Wirima and
Hightower, 1996).

Anaemia in pregnancy is more common in developing countries than

in developed countries and is multifactorial in etiology (VanderJagt et al.,
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2007). In sub-Saharan Africa, iron and folate deficiencies are the most
common causes of anaemia in pregnant women (Baker and DeMaeyer, 1979).
The former is related to nutritional deficiency and intestinal helminthic
infections and the latter to poor intake of folic acid or food containing folate
and chronic hemolytic states. Hemolytic anaemia, is commonly seen during
pregnancy in malarious areas of developing countries (Brabin, Hakimi and
Pelletier, 2001). The observation that severe anaemia is greatly reduced in
patients who have received regular malaria prophylaxis during pregnancy
(Fleming, Ghatoura, Harrison, Briggs and Dunn, 1986; Garner and Brabin,
1994; Shulman et al., 1999) indicates that anaemia is related to chronic
infection with Plasmodium falciparum malaria. In areas of high malaria
transmission, P. falciparum malaria and anaemia are more frequent in
primigravidae (Brabin, 1983). The risk of anaemia is high in teenage
primigravidae in developing countries (Arkutu, 1979; Barr, et al, 1998) and
developed countries (Beard, 1994; Osbourne, Howatt and Jordan, 1981).
Harrison (1989) has championed the arguments for developing
improved pregnancy care to reduce maternal mortality in developing
countries. The importance of maternal anaemia as a contributory factor to
maternal death has been highlighted (Munasinghe and van den Broek, 2006).
In developing countries, where malaria is most common, anaemia is a
common feature of pregnancy. Anaemia as presenting feature in pregnancy is
more common in partially immune multigravidae living in hyperendemic areas
(Azuonwu, Amadi, Wokem and Kalu, 2011). Anaemia in malaria patients
could be due to haemolysis of parasitized red blood cells, accelerated removal

of both parasitized and unparasitized red blood cells as well as ineffective
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erythropoiesis with dyserythropoietic changes (Akhtar, Gumashta, Mahore
and Maimoon, 2012). Profound haemolysis can aggravate folate deficiency.

Severe malaria with an increase in density of parasitaemia causes
anaemia (Anchang-Kimbi, Achidi, Nkegoun, Sverremark-Ekstrom and Troye-
Blomberg, 2009).

Anaemia increases perinatal mortality and maternal morbidity and
mortality (Conde-Agudelo, Belizan and Lammers, 2005). It also increases the
risk of pulmonary oedema (Joubert and Dyer, 2005). Risk of post-partum
haemorrhage is also higher (Ferrer, Roberts, Syndendam, Blackhall and
Shakur, 2009). Since anaemia is one of the most important consequences of
malaria infection during pregnancy, as part of routine antenatal care, every
woman should receive iron/folate supplementation (Kawai, Spiegelman,
Shankar and Fawzi, 2011). According to World Health Organization all
pregnant women should also be screened for anaemia, and those with
moderate to severe anaemia should be managed according to national
guidelines (WHO, 2004). In malaria-endemic areas, pregnant women with
severe anaemia must be treated presumptively with an effective antimalarial,
whether or not peripheral parasitaemia and is present or whether or not she has
a history of fever (WHO, 2004).

Significant anaemia (haemoglobin less than 7-8g/dl) may have to be
treated with blood transfusion. In view of the increased fluid volume in
pregnancy, it is better to transfuse packed red cells than whole blood (Salhan,
Tripathi, Singh and Gaikwad, 2012).

Low birth weight is still the greatest risk factor for neonatal mortality

and a major contributor to infant mortality (Conde-Agudelo, Belizan and
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Lammers, 2011). Maternal anaemia is commonly considered a risk factor low

birthweight (Ahmad, Kalsoom, Sughra, Hadi and Imran, 2011).

Malaria and parity

The presentation of malaria during pregnancy varies according to the
level of transmission in the area (Adam, Khamis and Elbashir, 2005).In areas
of high malaria transmission, it has been repeatedly observed that the risk of
pregnancy associated malaria decreases in multigravida (Marinho et al., 2009).
Marinho et al. (2009) confirmed that the incidence of pregnancy-induced
recrudescence, the intensity of the parasitaemia peak and the impact on the
pregnancy outcome decreased gradually from the first to the third pregnancy.
Malaria infection (peripheral or placental) is more frequent in primigravidae
and secundigravidae than in multigravidae and the difference between infected
and non-infected women in mean haemoglobin and mean birth weight are
more marked in primigrvaidae than in multigravidae (Coulibaly, Gies and
D’ Alessandro, 2007). The severe clinical manifestations are mainly restricted
to the first and second pregnancies (Mendez, 2006) when the levels of specific
antibodies against parasites antigens are not high enough to confer protection
(O’Neil-Dunne, Archur, Agbor-Enoch, Valiyaveettil, 2001). Interestingly, in
areas of infrequent malaria exposure, where women have little or no malaria
immunity, the disease results in severe outcomes both for the mother and the
baby, irrespective of parity, reinforcing the notion that the severity of clinical
manifestations during pregnancy depends on pre-existing immunity of the

mother (Mendez, 1995). Thus malaria exposure through consecutive
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pregnancies is required for placental malaria immunity to develop and be
maintained (Hviid, 2004).

The primigrvaidae has never before been exposed to the placental
phenotype of parasites and will allow this infection to proceed. In contrast, as
the number of pregnancies increase, the multigravidae will be less and less
susceptible to placental infection, possibly by immunity developed due to
repeated exposure to the placental phenotype. Each new pregnancy is a
booster. This fits well with the progressive decline of malaria in successive
pregnancies (Stanton, 1995). Nnaji, Okafor and Ikechebelu (2006) reported
that there was a significant difference between the rate of malaria parasitaemia
in the primigrvaidae and multigravidae. In the same study, the occurrence of
malaria parasites in the placenta was found to decrease with increasing parity.
The primigrvaidae had a higher mean parasite density when compared with
the multigravidae. It was also demonstrated, that a higher prevalence of
malaria with increased parasitaemia occur in pregnant women of lower parity.
Incidence of malaria infection in pregnancy is known to be higher in
primigravidae than in multigravidae (Graves and Gelband, 2000). Malaria
during the first pregnancy causes a high rate of foetal and neonatal death. The
decreasing susceptibility during subsequent pregnancies correlates with
acquisition of antibodies that block binding of infected red cells to chondroitin

sulphate-A (CSA) (Buffet et al., 1999).

Seasonal variation of malaria transmission

Malaria transmission is affected by climate and geography (WHO,

1998). Mandal, Sarkar and Sinha(2011) observed that malaria transmission is
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influenced by inter-related factors such as temperature, humidity, rainfall
pattern and behaviour of human population. The incidence of malaria and
fever are higher in the wet than in the dry seasons. The wetter months may
have enhanced mosquito vector breeding and hence an increased malaria
transmission (Ojo and Mafiana, 2005). Smedman, Gunnlaugsson, Norby, Silva
and Zetterstrom, (1988) reported that malaria transmission is lower in the dry
season and peaks in the rainy season, when the parasitaemic rate is greatest.
Syafruddin et al., 2009 showed the prevalence of malaria in the wet season
and dry season across West Sumba district in Indonesia. The prevalence of P.
falciparum infection was higher in the wet season than in the dry season.
Presumably, the higher prevalence of P.falciparumin the wet season is due to
increased abundance of the vector mosquito species in this season. According
to a research conducted in West Cameroon, malaria parasite was prevalent
throughout the year but was significantly higher in the rainy season than in the
dry season. Mean parasite density was also higher in the rainy season than in
the dry season (Nkuo-Akenji et al., 2006). This is because a high Anopheles
species population corresponds with higher malaria parasite prevalence and a
higher parasite density (Nkuo-Akenji et al., 2006). In the dry season, the
formation of water pools around some public water taps due to poor drainage,
coupled with much sunlight was conducive to breeding of Anopheles gambiae
(Fontenille et al., 1997; Tadei et al., 1998). High rainfall in the rainy season
produces more pools and swamps due to poor drainage, producing suitable
conditions for mosquitoes. Thus the persistence of some swamps, together
with the existence of bushes that surround many households which serve as

resting sites for these mosquitoes during even the dry season leads to high
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exposure to mosquito bites and risk of malaria parasite infection all year round
(Nkuo-Akenji et al., 2006). The seasonal variation in the biting density of
mosquitoes is highest in the rainy months and least in the dry season (Ojo and

Mafiana, 2005).

ABO blood groups and malaria

The ABO blood group system is arguably the best known, and yet the
most functionally mysterious, genetic polymorphism in humans (Cserti and
Dzik, 2007). In clinical practice, ABO is the most important system for blood
group compatibility. In the century since their discovery, ABO antigens have
been linked with infections and other diseases (Moulds and Moulds, 2000).
Some reports found unexpected associations, such as the susceptibility of
group A individuals to salivary or gastric cancers (Aird, Bentall and Fraser,
1953). However, the selection pressures defining the ABO distributions
remain uncertain. DNA sequence information dates the emergence and
development of the group O allele to a period of evolution before human
migration out of Africa, concomitant with P. falciparum’s activity (Cserti and
Dzik, 2007).

P. falciparum has been called the “the strongest known force for
evolutionary selection in the recent history of the human genome”
(Kwiatkowski, 2005). The signature of P. falciparum has taken its toll on
human life, especially children. Infectious diseases that kill children select for
survival genes and effectively prevent transmission of genotypes unfavourable
for survival. In the case of P. falciparum, untreated children have a higher case

fatality rate than adults. The ability of P. falciparum to Kill before
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reproduction has given it the capacity to select emerging polymorphisms as

rapidly as can be witnessed in evolutionary time (Cserti and Dzik, 2007).

Distribution of blood groups

During infection with P. falciparum, group O offers a survival
advantage, group A confers a disadvantage, and group B has an intermediate
effect. Given this hypothesis, one would expect to find that the ratio of group
O to A is higher in geographic regions where malaria is currently, or was
previously, endemic (Uneke, Ogbu and Nwojiji, 2006). An especially high
prevalence of group O coupled with a low prevalence of group A is found
throughout sub-Saharan Africa, where P. falciparum persists to this day. In the
Western hemisphere, the distribution of group A and group O generally
matches malaria’s tropical distribution. From the tropical regions of Central
and South America southward, the indigenous peoples are almost exclusively
group O (Cserti and Dzik, 2007). In Asia, the prevalence of group O rises
among peoples who live closer to the equator. For example, in Beijing, China
(a cold weather zone), group O is 29% and group A 27%, but in Canton, China
(a more tropical zone), group O is 46% and group A is 23%. Group O is the
most common blood group in Turkey and Persia (O’Neil, 2012). People of
African origin possess the O gene more frequently than other races. This lends
itself to the possibility that the blood group O gene originated with them.

In contrast, group A is the predominant blood in the colder regions of
the earth, where malaria has not been endemic. In fact, group A is found in
highest frequency in Scandinavia, Greenland, and the subarctic regions of

Europe and North America. There is a higher prevalence of group O observed
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in malaria-endemic sub-Saharan Africa compared to many parts of the world
where malaria is not endemic, suggesting that blood group O may be a
selected, protective adaptation against severe and fatal infection (Martin et al.,

1979; Saitou and Yamamoto, 1997).

Blood group O protects against malaria

A number of studies have shown susceptibility to several infectious
diseases to be related to the patient’s blood group. Malaria has been a major
selective force on the human population and several erythrocyte
polymorphisms have evolved that confer resistance to severe malaria. Studies
of the pathogenesis of malaria have shown that parasite-triggered red blood
cell rosette formation is associated with the severity of clinical disease and
with cerebral malaria (Pathirana et al., 2005; Ringwald et al., 1993; Uneke,
2007). Rosetting is a known parasite virulence factor that is thought to
contribute to the pathogenesis of severe malaria obstructing microvascular
blood flow. The rosettes formed by the red blood cells clog up minute blood
vessels delivering oxygen to the brain and cause death. Proteins secreted by
the parasite turn the red blood cells sticky, forming the “rosettes”Some strains
of Plasmodium falciparum preferentially trigger rosette formation depending
on the red blood cell blood group, with A and B group cells being more likely
to form rosettes (Carlson and Wahlgren, 1992; Udomsangpetch, Todd, Carlson
and Greenwood, 1993). Studies have shown that rosetting is reduced in blood
group O erythrocytes compared with the non-O blood groups (Nasr, Eltoum,

Yassin and EIGhazali, 2012; Rowe et al., 2007).
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Laboratory diagnosis of malaria

In the laboratory, malaria is diagnosed using the following methods:
Microscopic diagnosis using stained thin and thick peripheral blood
smears (PBS)

The accepted laboratory practice for the diagnosis of malaria is the
preparation and microscopic examination of blood films stained with Giemsa,
Wright’s or Field’s stain (Warhurst and Williams, 1996). Although they
require a minimal amount of reagents and equipments, these methods of
detection and identification depend for their accuracy on well-trained and
experienced technologists. Even in the hands of well-trained technologists,
diagnosis may be hampered by the sparseness of organisms on the slide and by
the subjective nature of differentiating similar-appearing organisms
(Rosenblatt, 2009). Blood stained by pricking a finger or earlobe is the ideal
sample because the density of developed trophozoites or schizonts is greater in
blood from this capillary-rich area (Gilles, 1993). Blood obtained by
venipuncture collected in heparin or Sequestrine [ethylenediaminetetraactic
acid (EDTA)] anticoagulant-coated tubes is acceptable if used shortly after
being drawn to prevent alteration in the morphology of white blood cells and
malaria parasites (Moody, 2002). The standard method for diagnosis of
malaria is microscopy of stained thick and thin blood films (Rosenblatt, 2009).

The thick blood film concentrates the layer of red blood cells (RBC) on
a small surface by a factor of 20 to 30 and is stained as an unfixed preparation
using Field’s stain, or diluted Wright’s or Giemsa stain. The thick blood film
provides enhanced sensitivity of the blood film technique and is much better

than the thin film for detection of low levels of parasitaemia and reappearance
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of circulating parasites during infection, recrudescence or relapse. The lysis of
the RBC during the staining process can make the process of scanning for
parasites more difficult until experience is gained in finding the parasites
among the white blood cells (WBC) and platelets (Moody, 2002). The
expected sensitivity that can be achieved by an experienced microscopist for
the examination of the thick blood film procedure is about 50 parasites/pl of
blood (assuming a total RBC count of 5 x 10%ul of blood), which is
equivalent to 0.001% of RBC infected (Moody, 2002). Milne, Kyi, Chiodini,
and Warhurst, 1994, found that most routine diagnostic laboratories generally
achieved a lower sensitivity of detection (average, 0.01% RBC infected, 500
parasites/pl) in an examination of results from British laboratories submitted
to the Malaria Reference Laboratory.

Warhurst and Williams (1996) reported that examination of thin blood
films is only 1/10 as sensitive as examination of thick blood films for the
quantification of malarial parasites, although morphological identification of
the Plasmodium species present is much easier using thin films. Therefore,
most laboratories involved in the quantification and identification of malarial
parasites by microscopy produce both thick and thin blood films. It is highly
recommended that both thick and thin films be prepared and examined each
time blood film examination for parasites is requested.

The thin blood film is methanol fixed and stained with diluted Giemsa
or Wright’s stain using buffered water at pH 7.2 to emphasize the parasite
inclusions in the RBC. Because of the fixed monolayer of RBC available in
this procedure, the morphological identification of the parasite to the species

level is much easier and provides greater specificity than the thick-film
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examination. The thin blood film is often preferred for routine estimation of
the parasitaemia because the organisms are easier to see and count. The ability
to count parasites in sequential blood films enables the response to therapy to
be monitored, particularly for P. falciparum infections (Moody, 2002).

The wide acceptance of this technique by laboratories all around the
world can be attributed to its simplicity, low cost, its ability to identify the
presence of parasites, the infecting species, and assess parasite density, are all
parameters useful for the management of malaria. The staining and
interpretation processes are labour intensive, time consuming and require
considerable expertise and trained healthcare workers, particularly for
identifying species accurately at low parasitaemia or in mixed malarial
infections. The most important shortcoming of microscopic examination is its
relatively low sensitivity, particularly at low parasite levels. Although the
expert microscopist can detect up to 5 parasites/pl, the average microscopist

detects only 50-100 parasites/pul (Payne, 1988).

Quantitative buffy coat (QBC)

The quantitative buffy coat (QBC) technique was designed to enhance
microscopic detection of parasites and simplify malaria diagnosis
(Clendennen, Long and Baird, 1995). This method involves staining parasite
deoxyribonucleic acid (DNA) in micro-hematocrit tubes with fluorescent dyes,
e.g. acridine orange, and its subsequent detection by fluorescent microscopy.
Finger-prick blood is collected in a hematocrit tube containing acridine orange
and anticoagulant. The tube centrifuged at 12 000g for 5 minutes and

immediately examined using an epi-fluorescent microscope (Chotivanich,
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Silamut and Day, 2006). The principle of QBC technique is based on the fact
that on centrifugation at a high speed, the whole blood separates into plasma,
buffy coat and packed red cell layer. The float gets buoyed by the packed
blood cells and is automatically positioned within the buffy coat layer. Blood
cells in the buffy coat layer separate according to their densities, forming
visibly discrete bands; platelets remaining at the top, lymphocytes and
monocytes within the middle layer and granulocytes at the bottom (Salmani,
Mindolli and Peerapur, 2011). Due to acridine orange (Salmaniet al., 2011) the
malaria parasite nuclei fluoresces bright green, while cytoplasm appears
yellow-orange (Tangpukdee, Duangdee, Wilairatana and Krudsood, 2009).
The tube is examined in the region between the red blood cells and
granulocytes and within the granulocytes and mononuclear cell layer, where
parasites are most abundant (Salmaniet al., 2011). The QBC technique has
been shown to be a rapid and sensitive test for diagnosing malaria in numerous
laboratory settings (Adeoye and Nga, 2007).While it enhances sensitivity for
P. falciparum, it reduces sensitivity for non-falciparum species and decreases
specificity due to staining of leukocyte DNA (Moody, 2002). Although the
QBC technique is simple, reliable and user-friendly, it requires specialized
instrumentation, more costly than conventional light microscopy and it is poor

at determining species and numbers of parasites (Tangpukdee et al., 2009).

Rapid diagnostic tests (RDTs)
RDTSs for malaria are fast and easy ways for determining the presence
of malaria parasites. RDTs do not require electricity or specific equipment

(Bell et al., 2006). RDTs detect malaria antigen in blood flowing along a
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membrane containing specific anti-malaria antibodies; they do not require
laboratory equipment. Most products target a P. falciparum-specific protein,
e.g. histidine-rich protein Il (HRP-II) or Plasmodium lactate dehydrogenase
(pLDH) or aldolase (Bell, Wongsrichanalai and Barnwell, 2006; Murray et al.,
2008). Most of the available tests usually involve blotting a small volume of
blood (2-20 ul) on a nitrocellulose strip containing monoclonal antibodies,
which react with parasite specific antigens available in the blood of infected
patients to give visible, diagnostic and control bands (Moody, 2002). Although
most RDT products are suitable for P. falciparum malaria diagnosis, some
also claim that they can effectively and rapidly diagnose P. vivax malaria (Lee,
Jeon, Jeon and Park, 2008). Recently a new RDT method has been developed
for detecting P. knowlesi (McCutchan, Piper and Makler, 2008). The accuracy
(sensitivity and specificity) of RDTs is mostly dependent on the parasite
species, transmission intensity, parasite density, amount of circulating
antigens, local polymorphisms of target antigen and persistence of antigens
after treatment (Bell et al., 2006, Murray et al., 2008). Results of rapid
diagnostic tests are rapidly available, less liable to the theoretical risk of being
falsely negative due to parasite sequestration, and visible to both prescriber
and patient, and they may result in greater respect for the result (Reyburn et
al., 2007). RDTs appear a highly valuable, and rapid malaria-diagnostic tool
for healthcare workers; however it must currently be used in conjunction with
other methods to confirm results, characterize infection and monitor treatment

(Tangpukdee et al., 2009).
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Serological tests

Diagnosis of malaria using serological methods is usually based on the
detection of antibodies against asexual blood stage malaria parasite.
Immunofluorscence antibody testing (IFA) has been a reliable serological test
for malaria in recent decades (She et al., 2007). The principle of IFA is that,
following infection with any Plasmodium species, specific antibodies are
produced within 2 weeks of initial infection, and persist for 3-6 months after
parasite clearance (Tangpukdee et al., 2009). IFA uses specific antigen or
crude antigen prepared on a slide, coated and kept at -30°C until used, and
quantifies both 1gG and IgM antibodies in patient serum samples. Titers > 1:
20 are usually deemed positive, and < 1: 20 unconfirmed. Titers > 1: 200 can
be classified as recent infections (Chotivanich et al., 2006). Until recently, IFA
was a validated method for detecting Plasmodium-specific antibodies in
various blood bank units, which was useful for screening prospective blood
donors, so avoiding transfusion-transmitted malaria (Mungai, Tegmeier,
Chamberland and Parise, 2001; Reesing, 2005). IFA is simple and sensitive,
but time consuming. It cannot be automated, which limits the number of sera
that can be studied daily. It also requires fluorescence microscopy and trained
technicians; readings can be influenced by the level of training of the
technicians, particularly for serum samples with low antibody titers

(Tangpukdee et al., 2009).

Polymerase chain reaction (PCR)

PCR assays used in detecting circulating parasites by demonstrating

parasite deoxyribonucleic acid (DNA) through amplification of ribosomal
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ribonucleic acid (rRNA) genes represent the overall gold standard of malaria
diagnostics. Quantitative PCR can be used to determine the concentration of
circulating DNA and therefore estimate the density of circulating parasites
(Taylor et al., 2010). PCR-based techniques are a recent development in the
molecular diagnosis of malaria and have proven to be one of the most specific
and sensitive diagnostic methods, particularly for malaria cases with low
parasitaemia or mixed infection (Morassin, Fabre, Berry and Magnaval, 2002).
The PCR technique continues to be used extensively to confirm malaria
infection, follow-up therapeutic response and identify drug resistance
(Chotivanich et al., 2006). It was found to be more sensitive than QBC and
some RDTS (Makler, Palmer and Ager, 1998). PCR can detect as few as 1-5
parasites/pl of blood compared with 50-100 parasites/ul of blood by
microscopy or RDT. Moreover PCR can help detect drug resistant parasites,
mixed infections, and may be automated to process large numbers of samples
(Hawkes and Kain, 2007). Although PCR appears to have overcome the two
major problems of malaria diagnosis-sensitivity and specificity, the utility of
PCR is limited by complex methodologies, high cost, and the need for
specially trained technicians (Tangpukdee et al., 2009). PCR is therefore, not
routinely implemented in developing countries because of the complexity of
the testing and the lack of resources to perform these tests adequately and
routinely (Mens, van Amerongen, Sawa, Kager and Schallig,2008). Quality
control and equipment maintenance are also essential for the PCR technique,
so that it may not be suitable for malaria diagnosis in remote rural areas or

even in routine clinical diagnostic settings (Hanscheid and Grobusch, 2002).
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Conventional microscopic examination of peripheral thick and thin
blood smears remains the gold standard for malaria diagnosis. Although the
method requires a trained microscopist, sensitivity and specificity vary
compared with recent technical advances, it is inexpensive and reliable

(Tangpukdee et al., 2009).

Determination of parasite density

A thick film will contain about 20 times more red blood cells (RBC’s)
than a thin film, which makes it easier to find parasites (Malaria Consortium,
2007).The thick blood film method gives a parasite count per micro-litre (pl)
of blood. The number of parasites in a thick blood film is counted in relation
to the number of leucocytes or white blood cells (WBCs). A standard WBC
count of 8000 per pl of blood is assumed.

According to Rogier, Commenges and Trape, (1996) clinical malaria
is often not associated with parasite densities of P. falciparum less than
10,000/l in Africa and Papua New Guinea. However maximum risk of
malaria fever was observed among subjects with parasite density greater than
1000 parasites/ul, though the risk was higher among subjects with parasite

density greater than 10,000 parasites/pl, (Delley et al., 2000).

Haemoglobin level and malaria

Haemoglobin is the red colouring matter which forms the most
abundant protein constituent of blood. A major physiological function of
haemoglobin is to play the role of oxygen carrier in the body, by virtue of its

ability to react reversibly with oxygen (Neelakantaswamy, Aspar, Rajaratnam
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and Das, 1984). The haemoglobin content in blood determines the vitality of
the entire human body, and so haemoglobin monitoring is a necessary clinical
procedure for reliable assessment of the current condition of the patient and
subsequent prognosis for development of critical conditions in
anaesthesiology, emergency care and intensive care (Lisenko and Kugeiko,
2012). Determination of blood haemoglobin concentration as well as the
haematocrit and erythrocyte counting is of great importance for screening and
diagnosis related to anaemia and erythrocytosis (Suzuki, 1998).

Malarial infection results in decreased haemoglobin concentrations and
increased serum concentrations of erythropoietin and transferrin receptor
(Verhoef et al., 2002). In a study in Zimbabwe, it was realized that individuals
with blood group A had lower haemoglobin levels and to be at greater risk of
developing severe central nervous system malaria with coma (Fischer and
Boone, 1998). Malaria-induced anaemia, characterized by low haemoglobin
levels, has been identified as one of the life-threatening complications of
childhood malaria (Asobayire, Adou, Davidsson, Cook and Hurrell, 2001)
Malaria is associated with a reduction in maternal haemoglobin (Abrams et al.,
2005). The malaria parasite Plasmodium falciparum, uses host erythrocyte
haemoglobin as a major source of nutrient. It has been estimated that between
25% and 75% of the haemoglobin in an infected erythrocyte is degraded.
Therefore in an average patient with about 750g of circulating haemoglobin
and a heavy malaria infection at 20% parasitaemia , up to 100g of
haemoglobin is utilized during a single cycle (Goldberg, Slater, Cerami and

Henderson,1990).
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Red blood cell polymorphisms and malaria

Half a billion episodes ofPlasmodium falciparum malaria occurs each
year and result in deaths of more than a million children in sub-Saharan Africa
alone. Historically, this burden has resulted in the selection of hundreds, if not
thousands, of genetic variants that confer some degree of protection against
death from the disease (Mackinnon, Mwangi, Snow, Marsh and Williams,
2005). The Gerbich-negative blood group (Ge-), which results from the
deletion of exon 3 in the gene encoding glycophorin C (GYPCAex3), has long
been implicated in malaria resistance because it is found at very high
frequencies in malaria endemic regions in Papua New Guinea (Booth and
McLoughlin, 1972). It has been shown that in vitro, GYPCAex3 confers
protection against a subset of parasites that use an invasion pathway which
involves the P. falciparum merozoite erythrocyte-binding antigen 140 (EBA-
140) (Thompson, Triglia, Reed and Cowman, 2001)and glycophorin
C(GYPC) (Maier et al., 2003). Ovalocytosis, a condition that can result from a
number of different genetic lesions, has been considered a strong malaria-
protective candidate. Studies conducted in Papua New Guinea have now
confirmed that the commonest form, Southeast Asian ovalocytosis, which is
caused by heterozygosity for a 27-base pair deletion in the gene that encodes
the red blood cell (RBC) membrane protein band 3 (SLC4A1A27), is strongly
protective against severe malaria and that this protection is highly specific to
cerebral form of the disease (Genton et al., 1995). Cockburn et al. (2004)
showed that polymorphisms that result in low RBC membrane complement
regulatory protein, complement receptor 1 (CR 1) expression are extremely

common in malaria endemic regions of Papua New Guinea and are associated
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with protection from severe forms of malaria. The haemoglobinopathies,
disorders of haemoglobin structure and production, fall into two broad
categories: those associated with the production of structurally variant forms
of haemoglobin (including haemoglobins S, C and E), and those caused by
reduced production of normal forms of either the a-globin or B-globin
components of haemoglobin — the o-thalassaemias and [-thalassaemias
respectively. The population frequencies of these conditions correlate with the
historic incidence of malaria (Flint, Harding, Boyce and Clegg, 1998) and
several of the conditions have been shown to protect against various
manifestations of clinical P. falciparum malaria (Roberts, Harris and

Williams, 2004).

Maternal education and fertility

Among the various socioeconomic determinants of fertility, education,
especially female education, has received considerable attention from scholars
and researchers. In India a 10% increase in the female literacy rate seems to be
associated with a 0.5% decline in the total fertility rate (Akmam, 2002).
Education (in particular that of women) and residence (rural or urban) are two
socioeconomic factors that affect fertility (Akmam, 2002).

It is a recognized fact that female education is an important factor in
determining parity even after controlling for related variables such as place of
residence (rural or urban), income levels of households and educational levels
of husband (Akmam, 2002).Education tends to increase the age at first
marriage, thereby decreasing the number of years that can be devoted to child

bearing. This relationship between women’s education and age at marriage has
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been found in almost all fertility studies. A study of 26 developing countries
sponsored by the United Nations (UN, 1995) finds that age at marriage
invariably increases with the level of education in all of the countries
examined, despite the fact that “the age of marriage varies widely across
countries”. Cleland and Jejeebhoy (1996) showed that in almost every country
in South Asia, women with education get married two to five years later than
uneducated women.

With education, women become much less fatalistic regarding family
size. Cochrane (1978), noted in a study of fertility in Nigeria that only 10% of
the women with education beyond the primary stage believed child birth to be
determined by God, whereas 50% of the totally uneducated women held that
belief. In most research studies it has been found that desired family size
becomes smaller with the increase in women’s educational levels (Cleland and
Jejeebhoy, 1996; Jejeebhoy, 1995; UN, 1995). The dominant behavioural
pathway linking education to fertility is the use of contraceptives. With few
exceptions, contraceptive use rises steeply across schooling categories

(Cleland, 2001).

SP pharmacokineticsand pharmacodynamics

SP is an antimalarial agent, of which a tablet contains 500mg N* -(5,6-
dimethoxy-4-pyrimidinyl) sulfanilamide (sulfadoxine) and 25mg 2,4-diamino-
5-(p-chlorophenyl)-6-ethylpyrimidine (pyrimethamine) (Roche

Pharmaceutical, 2004).
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After administration of 1 tablet, peak plasma levels for pyrimethamine
(approximately 0.2 mg/L) and for sulfadoxine (approximately 60 mg/L) are
reached after about 4 hours (Roche Pharmaceuticals, 2004).

The volume of distribution for sulfadoxine and pyrimethamine is 0.14
L/kg and 2.3 L/kg, respectively. Plasma protein binding is about 90% for both
sulfadoxine and pyrimethamine. Both sulfadoxine and pyrimethamine cross
the placental barrier pass into breast milk (Roche Pharmaceuticals, 2004).

About 5% of sulfadoxine appears in the plasma as acetylated
metabolite, about 2 to 3% as the glucuronide (Roche Pharmaceuticals, 2004).
Pyrimethamine is transformed to several unidentified metabolites.

A relatively long elimination half-life is characteristic of both
components. The mean values are about 100 hours for pyrimethamine and
about 200 hours for sulfadoxine. Both pyrimethamine and sulfadoxine are
eliminated mainly via the kidneys (Roche Pharmaceuticals, 2004).

After a treatment dose of SP, plasma concentrations of pyrimethamine
(half-life, 3 days) and sulfadoxine (half-life, 7 days) decline log-linearly
(Watkins, Mberu, Winstanley and Plowe, 1997). The antimalarial effect
depends on synergy between the two components, but the effect from one
treatment dose can last as long as 60 days with fully sensitive

Plasmodiumfalciparum (Watkins, Mberu, Winstanley and Plowe, 1999).
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Prevention of malaria with SP

Malaria prophylaxis with SP is not routinely recommended and should
only be considered for travelers to areas where chloroquine-resistant P.
falciparum malaria is endemic and sensitive to SP, and when alternative drugs
are not available or are contraindicated (Wyler, 1993) and also for pregnant

women.

Drug interaction and untoward effects of SP

There have been reports which may indicate an increase in incidence
and severity of adverse reactions when chloroquine is used with SP as
compared to the use of SP alone. SP is compatible with quinine and with
antibiotics (Roche Pharmaceuticals, 2004). However, antifolic drugs such as
sulfonamides, trimethoprim, or trimethoprim-sulfamethoxazole combinations
should not be used while the patient is receiving SP for antimalarial
prophylaxis.

If signs of folic acid deficiency develop, SP should be discontinued
.When recovery of depressed platelets or white blood cell counts in patients
with drug-induced folic acid deficiency is too slow, folinic acid (leucovorin)
may be administered in doses of 5 to 15 mg intramuscularly daily for 3 days or
longer (Roche Pharmaceuticals, 2004). Pyrimethamine was not found in
female mice or in male and female rats. The carcinogenic potential of
pyrimethamine in male mice could not be assessed from the study because of
markedly reduced life span.

Pyrimethamine was found to be mutagenic in laboratory animals and

also in human bone marrow following 3 or 4 consecutive daily doses totaling
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200mg to 300mg (Roche Pharmaceuticals, 2004). Testicular changes have
been observed in rats treated with 105 mg/kg/day of SP and with 15 mg/kg
day of pyrimethamine alone. Fertility of male rats and the ability of male or
female rats to mate were not adversely affected at dosages of up to
210mg/kg/day of SP. The pregnancy rate of female rats was not affected
following their treatment with 10.5 mg/kg/day, but was significantly reduced
at dosages of 31.5 mg/kg/day or higher, a dosage approximately 30 times the

weekly human prophylactic dose or higher (Roche Pharmaceuticals, 2004).

SP treatment failure

Failure is defined as early treatment failure during the first few days
after the start of treatment or the first appearance or persistence of
parasitaemia during subsequent follow up (Price et al., 2007). Good quality
antimalarial drugs are often misused in treating malaria because of under-
dosing and poor adherence, which could lead to treatment failures and
development of drug resistance (Onwujekwe et al., 2009). Treatment failure
could also be as a result of poor absorption or poor metabolism of the active
metabolite (Hombhanje et al., 2005).

Increasing chloroquine resistance necessitated changing the first line
antimalarial drug to sulfadoxine-pyrimethamine (SP) in many countries in
Africa. Emerging resistance to SP is increasing at an alarming rate. Drug
sensitivity tests conducted recently by the East Africa Network for Monitoring
Antimalarial Treatment (EANMAT) have shown SP treatment failure rates of
> 25% at several sites, the threshold level of drug resistance recommended by

WHO for changing an antimalarial drug. Nonetheless, options of alternative
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drugs are limited because the few available drugs are either not recommended
for use as monotherapy, are expensive, have inappropriate dosage schedule for
outpatient use, or have an uncertain safety profile in pregnancy (Mutabingwa,

Whitty, Muze, Lemnge and Greenwood, 2003).

SP as prophylaxis in pregnancy

Sulfadoxine-pyrimethamine (SP) has been an alternative to
chloroquine for treatment and control of uncomplicated malaria in endemic
countries. It was an effective, affordable and complying drug. Sulfadoxine-
pyrimethamine (SP) was the first line treatment for Plasmodium falciparum
infections in many countries; however the clinical efficacy of the combination
is decreasing (Gatton and Cheng, 2006). Intermittent preventive treatment
with sulfadoxine-pyrimethamine has proven efficacious in reducing the burden
of pregnancy-associated malaria but increasing levels of parasite resistance
mean that the benefits of national SP-IPT programmes may soon be
undermined in much of sub-Saharan Africa (Valley, Valley, Changalucha,
Greenwood and Chandramohan, 2007).

The future of SP for intermittent preventive treatment of malaria in
pregnancy is tenuous, particularly in East and Southern Africa, and there are
insufficient, reliable data on the safety and efficacy of alternative antimalarials
for the prevention and treatment of malaria in pregnancy (Valley et al., 2007).
Alternative drugs must be found, and new drugs and drug combinations are
being recommended by many for deployment as first line treatment at the
point that SP resistance forces a policy change. There are however few data on

the safety and efficacy of these combinations in pregnant women
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(Mutabingwa et al., 2009). It has been suggested that SP should be combined
with artemisinins or with cheaperand more readily available alternatives, such
as chloroquine or amodiaquine (Mclintosh and Jones, 2005) to maintain the
effectiveness of SP-IPT in pregnancy or that other drug regimens should be
used (White, 2005). Several antimalarials, notably chloroquine, proguanil,
mefloquine and proguanil-atovaquone, have been evaluated for malaria
chemoprophylaxis in pregnancy (Garner and Brabin, 1994; Schlagenhauf,
1999), but few clinical trials have attempted to evaluate alternatives to SP in
IPT in pregnancy regimens. Clinical trials in IPT of malaria in pregnancy have
been conducted in Benin, Malawi and Tanzania (National Institutes of Health,
2006) and evaluated SP versus mefloquine; SP alone versus SP plus
artesunate; and SP alone versus SP plus azithromycin respectively. Clinical
trial among 900 pregnant women in Ghana concluded that amodiaquine alone
or in combination with SP was effective in treating uncomplicated falciparum
malaria (Tagbor et al., 2006). However, concerns about the safety and
tolerability of amodiaquine in pregnancy (Nosten, 2006; Thomas, 2004) and
widespread resistance, particularly in East Africa (EANMAT, 2003) are likely
to hinder development of amodiaquine-containing combinations for IPT of
malaria in pregnancy (Valley et al., 2007).

SP thus becomes the safest and most effective antimalarial for

prevention of malaria in pregnancy.
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Implications of sub-standard antimalarial drugs

There is little existing knowledge about actual quality of drugs
provided by different providers in many sub-Saharan Africa countries. Such
information is important for improving malaria treatment that will help in the
development and implementation of actions designed to improve the quality of
treatment.

A major problem with the treatment of malaria is the high level of treatment
failures, resulting in the large part, from the high prevalence of counterfeit
drugs (Bate, Coticeli, Richard and Attaran, 2008).

Counterfeiting may apply to both branded and generic products and
counterfeits may include products with the correct ingredients or with the
wrong ingredients, without active ingredients, with insufficient ingredients or
with fake packaging (Wondemagegnehu, 1999).

In the Quality of Antimalarials in sub-Saharan Africa study,
“substandard” medicines are defined as those that do not meet the quality
specifications set for them, primarily because they do not contain the correct
amount of the active ingredient(s), do not dissolve properly in the body or
include unacceptable levels of potentially harmful impurities (Chinnock,
2010). Substandard drugs may be legitimately produced but poorly stored or
transported, too old, or improperly produced, and as a result are of low quality
(Tren, 2008).

Antimalarials are among the most widely consumed drugs in tropical
countries that have been particularly targeted by counterfeiters (Hall et al.,

2006) and are also found in substandard form (Chinnock, 2010).
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Counterfeit drugs and substandard drugs are prevalent throughout the
developing world. For example a study conducted in Madagascar, Senegal and
Uganda on artemisinin-based malaria drugs sold in these countries revealed
that about 26 percent to 44 percent “failed quality testing” because of
impurities or insufficient amounts of active ingredient (USP, 2010). The three-
country report also found bad drugs in both the public and private health
sectors (USP, 2010).

Not only are substandard drugs ineffective and sometimes hazardous,
they also hasten the development of strains of the malaria parasite that are
resistant to the active ingredients (Chinnock, 2010).

Improved drug quality for treatment of malaria will require a concerted
educational intervention for providers and consumers to enhance procurement
of good quality drugs and improved regulation of the drugs (Onwujekwe et al.,

2009).
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CHAPTER THREE

METHODOLOGY

Study area

The study was carried out in 7 health centres in 6 selected towns in the
Central Region of Ghana. The Central Region is located at the southern part of
Ghana. It is bordered by the Ashanti and Eastern regions to the north, Western
region to the west, Greater Accra region to the east, and to the south by the
Atlantic Ocean. The Central Region is situated within latitude 6° 15 N and 5°
N, and longitude 2° 15 W and 45° E. The region is partitioned into 13 districts
(fig.1). The region has an area of about 9.826 km? (Opoku, 2009) and a
population of about 1.6million (Ovenseri-Ogbomo and Omuemu, 2010).
Central region is made up of two ecological zones; the coastal and forest
zones. Towns from which subjects were selected are Assin Foso, Twifo Praso
and Abura Dunkwa located in the forest zone and Cape Coast, Saltpond and
Elmina in the coastal zone. The populations of the towns are Cape Coast:
82,292, Saltpond: 16,212, Elmina: 21,103, Assin Foso: 22,837, Twifo Praso:
9,011 and Abura Dunkwa: 8,439. Fishing, farming and petty trading are the
main occupation of the inhabitants. Two rainy seasons occur in the Central
region. The main wet season is from April-September and the dry season is
from November-March (www.travel-to-discover-ghana.com). The study was
conducted in the two seasons; March in the dry season and August in the rainy

season in the year 20009.
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Fig. 1 Map of Central Region of Ghana showing districts

Study population

The study was carried out on pregnant women who had reported at the
antenatal clinics of Cape Coast Metropolitan Hospital, Ewim Urban Health
Centre at Cape Coast, St. Francis Xavier Hospital at Assin Foso, Twifo Praso
Government Hospital, EImina Urban Health Centre, Saltpond District Hospital
and Abura Dunkwa District Hospital for their routine monthly antenatal visits.
The hospitals were selected because they were the district hospitals located in
the district capitals. A total of 598 pregnant women were enrolled on to the
study; 119 from Cape Coast Metropolitan Hospital, 77 from Ewim Urban

Health Centre, 85 from St. Francis Xavier Hospital, 88 from Twifo Praso
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Government Hospital, 84 from Elmina Urban Health Centre, 104 from
Saltpond District Hospital and 41 from Abura Dunkwa District Hospital. The

sample size was calculated from Fischer and Boone, (1998) (Appendix 3).

Study design

A target population in this cross-sectional study was selected at the
antenatal care clinics (ANCs) of the various health centres. The subjects were
randomly selected on the basis of being pregnant and present at the ANCs at
the time of sample collection. The subjects were recruited in the dry and wet
seasons. The demographic characteristics of the pregnant women such as age,
educational level, occupation, etc. were obtained through the administration of
questionnaire (Appendix 4). Level of maternal education was categorized as
follows: Low: no education or primary school, Mid: junior, senior high,
vocational and technical schools and High: tertiary education, that is all levels
beyond secondary education (van Rossem et al., 2009). Venous blood was
taken from the pregnant women by a licensed medical technologist, after
endorsing a consent form. The blood was analyzed at the laboratory for
malaria parasites, haemoglobin, sickling and blood group. The pregnant
women were also classified as primigravidae (woman experiencing first
pregnancy) and multigravidae depending on the number of babies delivered.
The parasite density was put into four levels; 0, 1-999, 1000-9999 and >
10000 (Obonyo, 2006). Blood groups were determined for A+, A-, B+, B-,

AB+, AB-, O+ and O- by standard haemagglutination techniques.
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Inclusion criteria
Pregnant women of different parities and gestational period who
reported at ANC at any of the selected health facilities and consented to

participate were included.

Exclusion criteria
All pregnant women who refused to sign or thumbprint the consent form were

excluded. All those who were sickling positive were also excluded.

Ethical consideration

Ethical approval was obtained from the Central Regional Directorate
of the Ghana Health Service. The rationale of the study was explained to the
subjects with the assistance of the midwives. They were made to understand
that they were not obliged to participate in the study and if they opted out, they
would still be attended to by the midwives. Some of them opted out primarily
because of the pain associated with the drawing of the venous blood. Others
also decided not to participate in the study because they were not sure if their
blood would not be used for something else, apart from the laboratory
analysis. Those who agreed to participate in the study were made to endorse

consent forms before they were included in the study.

Sample collection
Venous blood of about 5ml was collected from each of the subjects.
The blood was collected by a licensed medical laboratory technologist. The

blood was collected by first tying the upper arm. The spot of upper arm where
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the blood was drawn was swabbed with 70 percent alcohol using cotton wool
and made to dry. The patient was made to clench her fist to make the veins
more visible. The median cubital vein was punctured using a needle and about
5ml of blood was drawn. After drawing blood, sterile cotton was put on the
wound and the patient’s lower arm is raised to stop flow of blood. Blood is

poured into EDTA tubes (tubes containing anticoagulant).

Preparation of thick blood film

A thick blood film was made by smearing a drop of blood over a small
area of a slide and allowing it to dry. The slide was immersed in a freshly
prepared 5% Giemsa stain solution for about 20 to 30 minutes and then

flushed with tap water and left for about 30 minutes to dry.

Microscopic examination of slides

The dry slides were observed under the light microscope using x 100
objective lens (Adefioye, Adeyeba, Hassan and Oyeniran, 2007). A drop of
immersion oil was first put on the thick film before the observation. The
presence of brown-black pigment is a good indicator of parasites (Malaria
Consortium, 2007). Parasite density was determined by counting the number
of malaria parasites per 200 leucocytes or white blood cells (WBCs). A
standard WBC count of 8000 per micro-litre (ul) of blood is assumed.

The number of malaria parasites was counted and the number of
WBC:s in each field was also recorded. The parasites were counted against 200

leucocytes.
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If less than ten parasites are counted after identifying 200 WBCs, counting of
parasites continues until 500 WBCs are identified. Parasite number is then
recorded per 500 WBCs. A slide was considered negative if no parasite was
found after counting 500 WBCs (Coulibaly, Gies and D’Alessandro, 2007).
The parasite density or parasite count per pl of blood is calculated using the

following formula:

number of parasites counted x 8000 = parasites per pl

number of white blood cell

The number of white blood cells is either 200 or 500.

Parasite density was categorized as follows: 0 (aparasitaemic), 1-999,
1000-9999, and >10,000 (Obonyo, 2006). Such a classification is appropriate
as higher parasite densities correspond to greater severity of the infection and

acute phase of malaria (Maombi, Jeeva and Singh, 2011).

Determination of haemoglobin

The haemoglobin content of each blood sample was estimated using
Drabkins reagent. About 5ml of Drabkins reagent, which is a solution
comprising of Potassium ferricyanide, Potassium cyanide and Sodium
bicarbonate, is put into test tube. About 0.2ml of blood was pipetted and put
into the test tube containing the Drabkins reagent. The solution is made to
stand for about 10 minutes. It is then poured into a cuvette and then inserted
into a spectrophotometer. The optical density (absorbance) of the solution was
recorded. The iron content of the solution is determined by measuring the
absorption of the solution against a standard curve of known iron

concentrations. This gives the haemoglobin level of the blood. The
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haemoglobin levels were based on the World health Organization standards.
Pregnant women with haemoglobin levels below 11g/dl were considered to
have iron deficiency anaemia (WHO, 2011). Haemoglobin levels were

classified either as normal or low (anaemic).

Determination of sickling

Sickling status of recruited subjects was determined using sodium
metabisulphite also referred to as sickling fluid. Using a pipettor, a drop of
blood was put on a microscope slide. An equivalent volume of sodium
metabisulphite was added. They were then mixed on the slide and a cover slip
put on it, and made to stand for about 30 minutes before observation under the
microscope (Nsimba et al., 2012). The sodium metabisulphite deoxygenated
the red blood cells. The cells containing defective haemoglobin assumed a
sickle shape. The observed slides were classified either as sickling positive or

negative.

Determination of blood groups

According to the ABO blood typing system there are four different
kinds of blood types: A, B, AB or O. A person with blood group A has A
antigens on the surface of their RBCs and B antibodies in their blood plasma.
Blood group individuals have B antigens on the surface on their RBCs and A
antibodies in their blood plasma. Blood group AB individuals have both A and
B antigens on the surface of their RBCs and no A or B antibodies in their
blood plasma. Blood group O individuals have neither A or B antigens on the
surface of their RBCs but have both A and B antibodies in their blood plasma.

The various blood group types are determined by two ways:
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1. Forward grouping: The testing of red cell suspensions of unknown group to
determine the presence or absence of A and or B antigens. 2. Reverse
grouping: Testing the unknown serum or plasma to determine the presence or
absence of antibodies corresponding to the antigens lacking on the red cells.

Several methods for testing ABO group of an individual exist but the
most common method is Serology. This is a direct detection of the ABO
antigens. It is the main method used in blood transfusion centres and hospital
blood banks. In blood group serology, the interaction between the antigen sites
on the cells and the corresponding antibody is detected by observing
agglutination (clumping). Agglutination is the result of the cross- linking of
individual red cells by antibody molecules.

ABO antisera used for the forward grouping are anti-A and anti-B
reagents. They are both monoclonal antibodies, immunoglobulin M and highly
specific. Anti-A is a blue coloured reagent whilst anti-B is a yellow coloured
reagent. When a drop of either anti-A or anti-B antisera is put in a red cell
suspension, the following reactions are observed:

1. Group A —agglutination with anti-A reagent.

2. Group B — agglutination with anti-B reagent.

3. Group AB - agglutination with anti-A and anti-B reagents.

4. Group O - no agglutination with anti-A and anti-B.

The forward grouping method was used. Three reagents were used:
antisera anti-A, anti-B and anti-D. Three drops of blood from a subject were
put on a white tile. A drop of reagent A was put on the first blood drop,
reagent B on the second blood drop and reagent D on the third blood drop. The

blood was mixed with the reagent with applicator stick. The white tile was
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then tilted gently and then observed for agglutination. Agglutination with anti-
D indicates Rhesus factor (Rh) positive. The blood samples were classified as

A-, A+, B-, B+, AB-, AB+, AB-, O- and O+.

Drug analysis

Sulfadoxine-pyrimethamine treatment failure may be caused by
parasite resistance or poor quality of the antimalaria drug. In assessing the
quality of the SP, the chemical or biological assay and the dissolution methods
were employed. Three SP drugs named Drug | (locally made) and given to
pregnant women at the antenatal care clinics as prophylaxis, Drug Il (locally
made) and Drug IIl (foreign made) commonly found in pharmacies and
chemical shops were analyzed at the laboratory of Ghana Standard Board. The
batch numbers for the drugs were Drug I: 051-L10677, Drug Il: 007 and Drug
[1l: Z8003. The original names of the drug have been withheld for

confidentiality.

Sample preparation for drug assay and drug dissolution

Reference standard solution of SP was prepared by dissolving
approximately 0.5g (500mg) of sulfadoxine and 0.025g (25mg) of
pyrimethamine in 10ml methanol and diluted with mobile phase to 100ml.
System suitability must be demonstrated before starting an analysis to
determine the effectiveness of a final operating system. Five replicate
injections of a system suitability preparation (standard solution) were
chromatographed and the peak areas recorded (Braun, 2005). The calculated
relative standard deviation of the peak area of each of the reference i.e

pyrimethamine and sulfadoxine was less than 2.5%. According to the USP
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2007, the relative standard deviation of each of the reference should not be
more than 2.5% to pass system suitability test.

Twenty tablets of each brand of SP drug were weighed and the average
weight determined. The 20 tablets of each sample were powdered separately
with mortar and pestle. An accurately weighed amount of the finely ground
powder, equivalent to 0.5g sulfadoxine and 0.025g pyrimethamine of each
sample was dissolved in 10ml of methanol with the aid of an ultrasonic bath. It
was then diluted with mobile phase to 100ml, mixed, and filtered (Braun,
2005). The samples were then introduced into the HPLC. Three replicates of
each sample were run and the average peak area recorded (Appendix 5). The
weight in milligrams of sulfadoxine and pyrimethamine in a tablet of each
brand was determined. Using these results, the amounts of sulfadoxine and
pyrimethamine per tablet were calculated and expressed as percentage of the
label claim (Amin and Kokwaro, 2007).

Tablet dissolution was performed in the ERWEKA DT 600 dissolution
apparatus using 6 tablets of each product. Dissolution of the antimalarial
products was carried out using 1 litre of 0.01 M pH phosphate buffer solution
(sodium hydroxide and potassium dihydrogen orthophosphate, Fisher
Scientific) and heated to a temperature of 37° C, with a rotor speed of 75
revolutions per minute (rpm). The 6 tablets were introduced into the
dissolution vessels and dissolution was carried for 30 minutes (Onwujekwe et
al., 2009). Samples (2ml) of the dissolution media in the different vessels
were withdrawn after 30 minutes and was transferred into HPLC reaction vial

and then introduced into the HPLC machine for analysis for sulfadoxine and
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pyrimethamine content according to the HPLC method described in the USP

for dissolution testing of these tablets (WHO, 2003).

Data analysis

Data collected were recorded into a pre-coded case record forms.
Thereafter, the data were transferred to Statistical Package for the Social
Sciences (SPSS) version 10 for analysis. Descriptive statistics such as means
and standard deviations were used to summarize quantitative variables while
categorical variables were summarized with proportions. The student t-test
was used to compare two mean values while the one way analysis of variance
(ANOVA) was used to compare mean values in more than two groups. The
Chi-square test was used to investigate associations between categorical
values and also to analyze differences in proportions. For significant
associations 95% confidence intervals were computed. A p-value of less than

0.05 was considered statistically significant.
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CHAPTER FOUR

RESULTS

Socio-demographic characteristics of the study population

A total of 598 pregnant women were recruited into the programme.
Sickling positive pregnant women were 55 (9.2%) and were subsequently
excluded from the programme. The ages of the participants ranged from 16 to
44 of which majority 444(82%) of the women were between the ages 18 and
34 years. The pregnancies were from 2-9 months. Majority, 427(79%) of the
women had pregnancies between 5-9 months. Only 21% (116) of the women
had pregnancies between 1-4 months. The women who were pregnant for the
first time constituted 32% (172) whilst 68% (371) of them have had between 1

and 9 pregnancies. About 77% of the subjects were employed.

Malaria parasite infection among pregnant women

Malaria parasites were found in the peripheral blood of pregnant
women who had taken SP and those who had not taken. Of the 543 pregnant
women, 304 representing 56.0% of them had taken Drug I (SP). Those who
had not taken SP were 239 representing 44.0%. A total of 63 pregnant women
out of the 543 constituting 11.6% had malaria parasites in their blood. Out of
the 63 infected pregnant women 34(54.0%) had taken SP and 29(46.0%) had

not taken SP (Table 1). There was no significant difference between those who
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had taken SP and yet infected, and those who had not taken SP and infected

(x> =0.27; P value = 0.871).

Haemoglobin levels among pregnant women

Maternal anaemia is a risk for both the pregnant woman and the
developing foetus. Pregnant women are prone to anaemia. The cause of
anaemia in pregnant women is multifactorial. This study was to ascertain the
contribution of malaria to the low haeoglobin levels in pregnant women.

The haemoglobin levels of the pregnant women were generally low.
As many as 399(73.5%) of the pregnant women had low haemoglobin whilst
144(26.5%) had normal haemoglobin. Forty nine pregnant women
representing 77.8% of the infected pregnant women had low haemoglobin
(below 11g/dl) whilst 72.9% of the uninfected pregnant women also had low
haemoglobin (Table 1). There was no significant difference in the
haemoglobin levels of the pregnant women who had malaria parasites in their
blood and those who had no malaria parasites in their blood (y*> = 0.351; P

value = 0.553).
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Table 1: Educational level, malaria status, haemoglobin level and blood
groups among the pregnant women

I. Malaria status among pregnant women who had taken SP or not

MP status SP Yes SP No Total 1 P
value
n(%) n(%) N(%)
Infected 34(54.0) 29(46.0) 63(11.6)
Not infected 270(56.3) 210(43.7)  480(88.4)
Total 304(56.0) 239(44.0)  543(100) 0.027
0.871

ii. Haemoglobin level among pregnant women who had malaria infection or
not

MP status Low Hb Normal Hb  Total 1> P
value
(<11g/dl) (>11g/dl)
n(%) n(%) N(%)
Infected 49(77.8) 14(22.2) 63(11.6)
Not infected 350(72.9) 130(27.1)  480(88.4)
Total 399(73.5) 144(26.5)  543(100) 0.351
0.553
iii. Infection status among the blood groups
Blood group Infected Uninfected Total 1 P
value
n(%) n(%) N(%)
@) 35(11.6) 265(88.4)  300(55.2)
Non-O 28(11.5) 215(88.5)  243(44.8)
0.555

iv Educational level between the parities
Educational level Primigravida Multigravida Total 2 P value

n(%) n(%) N(%)
Low 33(165)  167(83.5)  200(36.8)
Mid 140(42.8)  187(57.2)  327(60.2)
High 11(68.8) 05(31.2)  16(03.0)
Total 184(33.9)  359(66.1)  543(100)  0.000

0.000

a)SP (sulfadoxine pyrimethamine); b)MP (malaria parasite);
¢)Hb (Haemoglobin level)

Chi-square test

P-value based on chi-square test.
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Parasite density between primigravida and multigravida

There was relatively greater parasite density in the multigravids than in
the primigravids. The primigravidae were 33.9 % (184) and 66.1 % (359)
were multigravidae. The infected primigravids and multigravids were 25
(39.7%) and 38 (60.3%) respectively. Forty five infected pregnant women had
parasite densities within 1-999 parasites/pl. Out of this number, 16(35.6%)
were primigravids compared to 29(64.4%) who were multigravids. Eighteen
of the infected pregnant women had parasite densities between 1000-9999
parasites/ul and 9(50.0%) were primigravdae and 9(50.0%) were
multigravidae (Table 2). The difference in the parasite densities between
primigravidae and multigravidae was not significant (y*> = 256.0; P value =

1.000).

Table 2: Comparison of malaria parasite density between primigravids and
multigravids

Primigravida  Multigravida Total ¥ P
value
n(%) n(%) N(%)
I. MP status
Not infected 159(33.1) 321(66.9) 480(88.4)
Infected 25(39.7) 38(60.3) 63(16.6)
ii. Parasite density
0 159(33.1) 321(66.9) 480(88.4)
1-999 16(35.6) 29(64.4) 45(08.3)
1000-9999 9(50.0) 9(50.0) 18(03.3)
> 10000 0(0) 0(0) 0(0)
Total 184(33.9) 359(66.1) 543(100)  256.0

1.000

MP (malaria parasite)
Chi-square test
P-value based on chi-square test
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Seasonal variations in parasite densities among pregnant women

Blood samples were taken from 239(43.9%) pregnant women in the
dry season whereas 304(56.1%) pregnant women provided blood samples
during the wet season. Malaria parasites were detected in 18 (28.6%) of the
pregnant women during the dry season; 17(37.8%) had parasite densities
between the rangel-999 parasites/ul whilst only 1(05.6%) had parasite
densities between 1000-9999 parasites/ul. Infected pregnant women during the
wet season were 45 (71.4%) with 28 (62.2%) having parasite densities
between 1-999 parasites/pl and 17 (94.4%) having parasite densities between
1000-9999 parasites/pul (Table 3). The parasite densities observed in the blood
of the pregnant women were high in the wet season than in the dry season. The
difference in the parasite densityamong the infected pregnant women between

the two seasons was significant (y> = 53.663, P value = 0.047).

Table 3: Seasonal variations of malaria parasite density in the pregnant women

Dry season  Wet season Total 1 P
value
n(%) n(%) N(%)
i. MP
Not infected 221(46.0) 259(54.0) 480(88.4)
Infected 18(28.6) 45(71.4) 63(16.6)
ii. Parasite density
0 221(46.0) 259(54.0) 480(88.4)
1-999 17(37.8) 28(62.2) 45(08.3)
1000-9999 1(05.6) 17(94.4) 18(03.3)
> 10000 0(0) 0(0) 0(0)
Total 239(43.9) 304(56.1) 543(100)  53.663

0.047

MP (malaria parasite)
Chi-square test
P-value based on chi-square test
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Distribution of the blood groups and malaria

Blood group O pregnant women were predominant among the 543
subjects (Fig. 2). Blood group O constituted as many as 55.2% (300) whilst
blood group AB was the least making up 4.0% (21). Blood group A formed
22.8% (124) and blood group B, 18.0% (98).

350
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250
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150
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100

50

0 | |
A B AB O
BLOOD GROUPS

Fig. 2: Frequency of the blood groups of the pregnant women

A total of 243(44.8%) of the pregnant women were non-O blood group
individuals whilst 300(55.2%) had blood group O. The non-O blood group
individuals who were infected formed 11.5% of the non-O pregnant women
whilst 11.6% of the blood group O pregnant women were infected (Table 1).
The difference between the infected non-O blood group individuals and the

infected blood group O individuals was not significant (P value = 0.555).
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Though there were relatively fewer individuals in blood group O with malaria
infection than in blood group B and AB, the differences were not significant

(Table 4).

Table 4: Comparison of the effect of blood group O with the effect of non-O
blood groups on resistance to malaria

Blood groups P value
Owvrs. A 0.086
Ovrs.B 0.425
O vrs. AB 0.787
O vrs. non-O 0.555

Maternal educational level and parity
About 68.8% of the pregnant women who had high education were
primigravids (Table 1). There was a significant difference in the maternal

educational levels of the primigravids and multigravids (x> = 0.000; P value <

0.001).

SP drug test

Drug | and Drug Il passed the drug assay test, in that the average
percentage composition of both sulfadoxine and pyrimethamine in these drugs
fell within the 90.0 % - 110.0% range. Drug Il failed the assay test because the
average percent composition of pyrimethamine in it, was below 90.0 percent
(Table 5). Drug dissolution test was not performed for Drug Il, because it
failed the first test. Drug Il passed the drug dissolution test. The percentage of
both sulfadoxine and pyrimethamine of Drug Il dissolved in the phosphate

buffer in each of the vessels was not less than 60.0 percent. Drug | failed the
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drug dissolution test. The percentage of pyrimethamine of Drug I dissolved in
the phosphate buffer in each of the vessels was less than 60.0 percent (Table
6). Moreover the percentage of sulfadoxine of Drug | dissolved in the
phosphate buffer in two of the vessels was less than 60.0 percent.

Table 5: Calculated weight in milligram and percentage composition of
sulfadoxine and pyrimethamine in Drugs I, 11 and 111

Weight of Percentage Weight of
Percentage sulfadoxine per  Composition
pyrimethamine  Composition
Drug | tablet (mg) (%) per tablet (mg) (%)
1 485.72 97.14 21.88 87.52
2 490.36 98.07 23.92 95.68
3 489.52 97.90 23.78 95.12
Average 97.71 92.76
Drug Il
1 485.31 97.06 18.39 73.56
2 485.88 97.18 18.89 75.56
3 485.62 97.90 19.16 76.64
Average 97.12 75.24
Drug Il
1 497.76 99.55 22.51 90.04
2 498.00 99.60 23.72 94.80
3 498.76 99.75 22.85 91.40
Average 99.63 92.12

mg (milligram): % (percentage)
SP tablets should contain not less than 90.0% and not more than 110.0% of sulfadoxine and
not less than 90.0% and not more than 110.0% of pyrimethamine.
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Table 6: Recorded peak responses of five replicate injections and calculated
percentage dissolution of sulfadoxine and pyrimethamine in Drugs I and 111

Average peak Percentage of Average peak  Percentage of

area of sulfadoxine area of
pyrimethamine

sulfadoxine dissolved pyrimethamine dissolved
(mV) (%) (mV) (%)
Drug |
1 6892774 59.42 90182 20.20
2 7076779 61.00 114852 25.74
3 6991092 60.27 90667 20.31
4 7017232 60.49 105682 23.67
5 6981546 60.18 110563 24.76
6 6889575 59.39 115472 25.86
Drug Il
1 10898130 93.94 358382.5 80.27
2 10516241 90.65 347357 77.80
3 10790608 93.02 305035 68.32
4 10811924 93.20 314093.5 70.35
5 10679338 92.06 298327.6 66.82
6 10592611 91.31 306223.3 68.59

mV (millivolts)
Not less than 60% of the amount of each of sulfadoxine and pyrimthamine is dissolved in 30
minutes.
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CHAPTER FIVE

DISCUSSION

SP treatment failure

It was observed that a greater percentage of the subjects had taken SP.
However, there was no significant difference between those who had taken SP
but were infected and those who had not taken SP and were infected. This
development suggests that Drug | may not be effective. The ineffectiveness of
a drug could be due to either development of parasite resistance to the drug or
inadequate drug levels, through sub-optimal dosing, poor quality of the
antimalarial, poor absorption or poor metabolism to the active metabolites
(Barnes, Sibley and Plowe, 2007). Drug assay and the dissolution test
conducted on the SP, revealed that the drug could not pass the dissolution test.
This explains why the SP could not prevent malaria infection among the

pregnant women.

Maternal malaria and anaemia

Generally, the pregnant women were anaemic. Anaemia is one of the
most important consequences of malaria infection during pregnancy. Anaemia
during pregnancy can cause low birth weight and low birth haemoglobin in the
infant. This consequently may lead to increased morbidity for the infant
(Chimsuku et al., 1994). Relatively, there was no significant difference

between the haemoglobin levels of pregnant women who had malaria infection
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and those who did not. This shows that irrespective of malaria, the
haemoglobin levels of the pregnant women were generally low. This confirms
the fact that malaria is not the sole determinant of anaemia in pregnancy but its
etiology is multifactorial, which could also be due to iron deficiency, folate
deficiency, poor diet, hookworm infections etc.(WHO, 1986). Two other
known factors which contribute to development of iron deficiency anaemia in
pregnancy is first the woman’s iron stores at the time of conception and the
second is the amount of iron absorbed during gestation (McMahon, 2010).
There is a normal reduction in haemoglobin level at the beginning of
pregnancy followed by a slight rise towards the end of pregnancy (Reveiz,
Gyte and Cuervo, 2007). The initial reduction has been explained to result
from increased red cell mass and demands of the foetus which exceeds iron
intake with consequent reduction in iron stores of the woman’s body (Reveiz
et al., 2007). This is why iron supplementation in pregnancy has become a
standard and routine practice as a preventive treatment for iron deficiency
anaemia in pregnancy in developing countries (Osungbade and Oladunjoye,

2012).

Parity and malaria

Most studies suggest that malaria infection is more prevalent in
primigravid women than in multigravid in areas endemic for malaria such as
sub-Saharan Africa (Brabin, 1983; McGregor, 1984). However in this study it
was observed that peripheral malarial infection was comparatively greater in

the multigravids than in the primigravids. Parasite density was also higher in
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the multigravidae than in the primigravidae. However, the difference between
the parasite densities of the two groups was not significant.

Evidence of malaria infection in pregnancy is not only obtained from
parasite count in the peripheral blood during pregnancy but also placental
infection at the time of delivery (Brabin, 1983). Parasite densities in placental
infections are sometimes difficult to assess with accuracy because there seem
to be no correlation between parasite density in peripheral blood and in the
placenta in pregnant women in malaria-holoendemic regions (Brabin, 1983).
Thus, the placenta may contain large numbers of infected red blood cells (as
many as 65%), whereas the peripheral blood is free from parasites (Brabin,
1983). Primigravids lack the specific immunity to placental malaria which is
acquired from exposure to malaria parasites during pregnancy (Staalsoe et al.,
2004). It is therefore possible that in this study there were more parasites in
the placenta of the primigravids than in their peripheral blood which goes to
confirm the general notion that primigravids are more susceptible to malaria

infection.

Seasonal variations in malaria parasite densities

There weremore malaria infections in the rainy season than in the dry
season. The parasite densities were found to be significantly higher in the
rainy season as compared to those found in the dry season. Rainy seasons are
periods when the breeding places of the Anopheles mosquito abound. The
population of mosquitoes in the environment would increase and this may lead
to increase in the frequency of mosquito bites. This may also lead to increase

in malaria parasite densities. This finding therefore supports the claim by
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Bouvier et al., (1997), that levels of parasite density are higher in the rainy

season compared with the dry season.

A,B,0 blood groups and malaria

There were more individuals with blood group O than with the non-O
blood groups in accordance with observations of Cserti and Dzik (2007).
Blood group O had an influence on the malaria status of the pregnant women
but it was not significant. Comparing blood group O to B and AB, there were
relatively fewer pregnant women with malaria infection among group O than
among group B and AB. However, group A had the least pregnant women
with malaria infection. Blood group O may therefore provide some protection
from malaria infection as have been purported Rowe et al., (2007). There is
need for extensive investigations to be carried out in several epidemiological
settings with different levels of malaria endemicity to better evaluate the

effects of the ABO blood type on malaria.

Maternal education and parity

The study revealed that maternal educational level had a significant
influence on the fertility rate of the pregnant women. Women with high
education had lesser number of children compared to those with low
education. This confirms findings by Cleland and Jejeebhoy (1996) that family
size becomes smaller with the increase in women’s educational levels. Most
women with higher education may not marry early which will lead to delay in

the years of giving birththereby reducing their reproductive years. They also
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have knowledge of the advantages of spacing children and planning family

size. Unwanted pregnancies are prevented by the use of contraceptives.

SP drug test

In Ghana, the government provides free antenatal care. Pregnant
women are given malaria prophylaxis in the form of SP tablets (Drug I)
obtained from a particular pharmaceutical firm. SP from other sources are sold
in Pharmaceutical shops. Drug | and Drug Ill passed the drug assay test,
implying they contain the right quantities of the active ingredients; sulfadoxine
and pyrimethamine. However, only Drug Il passed the drug dissolution test.
The test for dissolution determines the amount of active ingredient that is
released and available for absorption. Poor manufacturing practices, poor
storage of a product as well as the use of incorrect excipients will lead to poor
dissolution profiles (Onwujekwe et al., 2009). The failure of Drug | to pass the
drug dissolution test is an indication that a lesser amount of the drug is able to
dissolve within the specified period, and thus results in poor absorption,
rendering the drug ineffective. This situation exposes the pregnant women to
the risk of malaria infection thereby defeating the aim of IPT in Ghana. This
may account for the observed persistent malaria infection in pregnant women
who have taken SP (Drug I), confirming the hypothesis that SP is incapable of

preventing malaria in the pregnant women.
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CHAPTER SIX

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

Drug I could not bring about a substantial decline in malaria infection
among the pregnant women after the administration of the SP. This might be
because the drug was found to be substandard. It failed to conform to quality
standards by failing dissolution test. Some of the pregnant women did not
receive IPT-SP because of either unavailability of the drug or they were not
due for SP intake.

The haemoglobin levels of the pregnant women were generally low.
As part of the routine antenatal health care, pregnant women are given iron
capsules to boost up their haemoglobin levels.

Malaria infection was found to be more prevalent in multigravidae than
in primigravidae. Malaria parasite prevalence and parasite density was also
higher in the rainy (wet) season than in the dry season.

Blood group O was the predominant blood group among the pregnant
women and also provided some amount of protection against malaria.
Understanding of the mechanism with which blood group O confers protection
against malaria could open doors to further research into the development of
drugs or vaccines which recreate the protection provided by this blood type.

Women with higher education give birth to fewer children. The

nation’s resources can no longer sustain its population because of the
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population size. One way the nation can reduce the rate of its population

growth, is by encouraging women to pursue higher education.

Recommendations

Authorities should ensure that the antenatal clinics are always well
stocked with the SP. In the manufacturing of Drug I, better manufacturing
practices should be employed. The appropriate excipients and their correct
quantities should be added to the drug. Storage of the drug both at the
manufacturing and distribution centres should also be improved.

The giving of free iron capsules to the pregnant women should be
sustained by continuously making it available at the clinics.

SP should continuously be administered to the pregnant women at the
ANC irrespective of their parities, as they are all susceptible to malaria.
Insecticide treated bed nets should be made available at the ANC for free to
the pregnant women especially during the wet season to reduce rate of

mosquito bites.

The education of girl child should be encouraged. The government
could make education of the girl child at all levels of the educational ladder,
free with added incentives of free uniforms, free textbooks and free exercise

books.

75



REFERENCES

Abrams, E. T., Kwiek, J. J., Mwapasa, V., Kamwendo, D. D., Tadesse, E.,
Lema, V. M., Molyneux, M. E., Rogerson, S. J. and Meshnick, S. R.
(2005). Malaria during pregnancy and foetal haematological status in

Blantyre, Malawi. MalariaJournal,4:39.doi: 10.1186/1475-2875-4-39

Adam, I., Khamis,A.H. and Elbashir, M.l. (2005). Prevalence and risk factors
for Plasmodium falciparum malaria in pregnant women of eastern

Sudan.Malaria Journal ,4:18. doi:10.1186/1475-2875-4-18.

Adedeji, A. A. Tambo, E, Fehintola, F. A., Akinwunmi, M, Tikare, O. A.,
Mebude, O. I. and Jagun, O. E. (2010). Protective response to
sulfadoxine-pyrimethamine during intermittent presumptive treatment
of malaria in pregnant women in Sagamu, Nigeria. African Journal of
Pharmacy and Pharmacology, 4 (10): 754-759. Retrieved from
http://www.academicjournals.org/ajpp/pdf/pdf2010/october/Adedejiet

al.pdf

Adefioye, O.A., Adeyeba, O.A., Hassan, W.O. and Oyeniran, O.A. (2007).
Prevalence of malaria parasite infection among pregnant women in
Osogbo, Southwest, Nigeria. American-Eurasian Journal of Scientific
Research, 2 (1): 43-45. Retrieved from

http://idosi.org/aejsr/2(1)07/9.pdf

76



Adeoye, G.O. and Nga, I.C. (2007). Comparison of Quantitative Buffy Coat
technique (QBC) with Giemsa-stained Thick Film (GTF) for diagnosis
of malaria. Parasitology International, 56(4): 308-312. Retrieved from

http://dx.doi.org/10.1016/j.parint.2007.06.007

Agomo, C.O., Oyibo, W.A. and Odukoya-Maije (2011). Parasitologic
assessment of two-dose and monthly intermittent preventive treatment
of malaria during pregnancy with sulphadoxine-pyrimethamine (IPTP-
SP) in Lagos, Nigeria. Malaria Research and Treatment Volume 2011,

Article ID 932895, 6 pages.doi: 10.4061/2011/932895.

Ahiable, E. (2009). Malaria in pregnancy causes 200,000 still births in Africa.
Article163616.Retrieved from

http://www.ghanaweb.com/GhanaHomePage/NewsArchive/artikel.php

?1D=163616

Ahmad, M.O., Kalsoom, U., Sughra, U., Hadi, U. and Imran, M. (2011).Effect
of maternal anaemia on birth weight.J Ayub Med Coll Abbottabad.
2011, 23(1):77-79.

Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/22830153

Aird, 1., Bentall, H.H. and Fraser, R.J.A, (1953). A relationship between
cancer of the stomach and the ABO blood groups. British Medical
Journal, 1:799-801. Retrieved from

http://www.bmj.com/content/1/4814/799

77


http://www.ghanaweb.com/GhanaHomePage/NewsArchive/artikel.php?ID=163616
http://www.ghanaweb.com/GhanaHomePage/NewsArchive/artikel.php?ID=163616

Akhtar, S., Gumashta, R., Mahore, S. and Maimoon, S. (2012). Hematological
changes in malaria: A comparative study. International Organization
of Scientific Research Journal of Pharmacy and Biological Sciences,

2(4): 15-99. Retrieved from http://iosrjournals.org/iosr-

Jpbs/papers/vol2-issue4/D0241519.pdf

Akinleye, S.O., Falade, C.O. and Ajayi, 1.O. (2009). Knowledge and
utilization of
intermittent preventive treatment for malaria among pregnant women
attending antenatal clinics in primary health care centers in rural
southwest, Nigeria: a cross-sectional study. BMC Pregnancy and

Childbirth, 9:28.doi: 10.1186/1471-2393-9-28

Akmam, W (2002). Women’s education and fertility rates in developing
countries, with special reference to Bangladesh. Eubios Journal of
Asian and International Bioethics, 12: 138-143. Retrieved from

http://www.eubios.info/EJ124/ej124i.htm

Alvarez, J.R., Al-khan, A. and Apuzzio, J.J. (2005). Malaria in pregnancy.
Infectious Diseases in Obstetrics and Gynaecology, 13(4):229-236.

doi: 10.1080/10647440500148339

Amin, A. A. A, Snow, R. W. and Kokwaro, G. O. (2005). The quality of
sulphadoxine-pyrimethmime and amodiaquine products in the Kenyan
retail sector. Journal of Clinical Pharmacy and Therapeutics, 30 (6):

559-565. doi: 10.1111/].1365-2710.2005.00685.x

78


http://iosrjournals.org/iosr-jpbs/papers/vol2-
http://iosrjournals.org/iosr-jpbs/papers/vol2-

Amin, A.A. and Kokwaro, G. O. (2007). Antimalarial drug quality in Africa.
Journal of Clinical Pharmacy and Therapeutics, 32 (5): 429-440.

doi: 10.1111/1.1365-2710.2007.00847.x

Anchang-Kimbi, J., Achidi, J., Nkegoum, B., Sverremark-Ekstrom, E. and
Troye-Blomberg, M. (2009). Diagnostic comparison of malaria
infection in peripheral blood, placental blood and placental biopsies in
Cameroonian  parturient women. Malaria Journal, 8: 126.

doi:10.1186/1475-2875-8-126.

Arkutu, A.A. (1979). A pregnancy and labour in Tanzania primigravidae aged
15 years and under. International Journal of Gynaecology and
Obstetrics, 16(2): 128-131. Retrieved  from

http://www.ncbi.nlm.nih.gov/pubmed/32107

Armstrong-Schellenberg, J.R.M., Smith, T., Alonso, P.L. and Hayes, R.T.
(1994).What is clinical malaria? Finding case definitions for field
research in highly endemic areas. Parasitology Today, 10(11): 439-

442. doi: 10.1016/0169-4758(94)90179-1

Arthur, E. (2012). Wealth and antenatal care use: implications for maternal
health care utilization in Ghana. Health Economics Review, 2:12

doi:10.1186/2191-1991-2-14.

79


http://www.ncbi.nlm.nih.gov/pubmed/32107

Asobayire, F. S., Adou, P., Davidsson, L., Cook, J. D. and Hurrell, R. F.

(2001). Prevalence of iron deficiency with and without concurrent
anaemia in population groups with high prevalences of malaria and
other infections: a study in Cote d’Ivoire 1,2,3. American Journal of
Clinical Nutrition, 74 (6): 776-782. Retrieved from

http://www.ajcn.nutrition.org/content/74/6/776.long

Azuonwu, O., Amadi, E.C., Wokem, G.N. and Kalu, N.E. (2007). Health risk

of malaria infection during pregnancy: A review. Journal of Pharmacy
Research, 4(1) 30-32. Retrieved from

http://www.jpronline.info/index.php/jpr/article/download/5441/2853

Baafi, A.A.A. and Kodzitse, R. (2010). Pregnant women and Children under

Baker,

five still vulnerable to malaria. Public Agenda (Accra), 26 April.

Retrieved from http://allafrica.com/stories/201004260839.html

SJ. and Demaeyer, E.M. (1979). Nutritional anaemia: its
understanding and control with special reference to the work of the
World Health Organization. American Journal of Clinical Nutrition,
32(2): 368-417. Retrieved from

http://www.ncbi.nlm.nih.gov/pubmed/369352

Barnes, K.1., Sibley, C.H. and Plowe, C.V. (2007). The rationale and plan for

creating a world antimalarial resistance network (WARN). Malaria

Journal, 6:188 doi: 10.1186/1475-2875-6-118

80



Barr, F., Brabin, L., Agbaje, S., Buseri, F., Ikimalo, J and Briggs, N. (1998).
Reducing iron deficiency anaemia due to heavy menstrual blood loss in
Nigeria rural adolescents. Public Health Nutrition,1: 249-257.
Retrieved
fromhttp://journals.cambridge.org/download.php?file=%2FPHN%2FP

HN _04%2FS136898009898000421a.pdf&code=h9

Bate, R., Coticeli, P., Richard, T. and Attaran, A. (2008). Antimalarial drug
quality in the most severely malarious parts of Africa — a six country
study. Public Library of Science ONE, 3: e2132. Retrieved from

http:/www.plosone.org/article/info:doi/10.1371/journal.pone.0002132

Beard, J.L. (1994). Iron deficiency: assessment during pregnancy and its
importance in pregnant adolescents. American Journal of Clinical
Nutrition,59(suppl): 5025-5105. Retrieved from

http:/www.ajcn.org/content/59/2/5025.full. pdf+html

Bell, D., Wongsrichanalai, C. and Barnwell, J.W. (2006). Ensuring quality and

access for malaria diagnosis: how can it be achieved? Nature Reviews

Microbiology, 4: S7-S20. doi:10.1038/nrmicro1525.

81



Bhandari, P.L., Raghuveer, C.V., Rajeev, A. and Bhandari, P.D. (2008).
Comparative study of peripheral blood smear, quantitative buffy coat
and modified centrifuged blood smear in malaria diagnosis. Indian
Journal  of Pathology and  Microbiology,51:  108-122.

d0i:10.4103/0377-4929.40419.

Bloland, P.B., Kazembe, P.N., Oloo, AJ., Himonga, B., Barat, L.M. and
Ruebush, T.K. (1998). Chloroquine in Africa: critical assessment and
recommendations for monitoring and evaluating chloroquine therapy
efficacy in sub-Saharan Africa. Tropical Medicine International
Health, 3(7): 543-52. Retrieved  from

http://www.ncbi.nlm.nih.gov/pubmed/9705188

Booth, P.B. and McLoughlin, K. (1972). The Gerbich blood group system,
especially in  Melanesians. Vox  Sang,22:73-82.

doi:10.1111/j.14230410.1972.th03968.x

Bouvier, P., Rougemont, A., Breslow, N., Doumbo, O., Delley, V., Dicko, A.,
Diakite, A., Mauris, A. and Claude-Francois, R. (1997). Seasonality
and malaria in a West African Village: Does high parasite density
predict fever incidence. American Journal of Epidemiology, 145: No.
9. Retrieved from

hhtp:/aje.oxfordjournals,org/content/145/9/850.full.pdf

82



Brabin, B.J. (1983). An analysis of malaria in pregnancy in Africa. Bulletin of
the WHO, 61: 1005-1016.  Retrieved from

http:/www.ncbi.nlm.nih.gov/pmc/articles/PMC2536236/?page=3

Brabin, B.J., Hakimi, M. and Pelletier, D. (2001). An analysis of anaemia and
pregnancy-related maternal mortality. The Journal of Nutrition,131(2):
6045-6155. Retrieved fromhttp://jn.nutrition.org/content/131/2/604.full

Braun, M. (2005). Quality assessment of antimalarial drugs purchased from
various sources in Tanzania. Swiss Tropical Institute. Retrieved from
http:/www.swissph.ch/filieadmin/user_upload/Pdfs/STI_Mpharm_HA

T_Thesis_2004_M_Braun.pdf

Brewster, D.R. and Greenwood, B.M. (1993). Seasonal variation of paediatric
diseases in The Gambia, West Africa. Annals of Tropical Paediatrics,
13:133-146. Retrieved from

http://www.ncbi.nlm.gov/pubmed/7687109

Briand, V., Cottrell, G., Massougbodji, A. and Cot, M. (2007). Intermittent
preventive treatment for the prevention of malaria during pregnancy in
high transmission areas. Malaria Journal, 6: 160. doi: 10.1186/1475-

2875-6-160

Briand, V., Dennoeud, L., Massougbodji, A. and Cot, M. (2008). Efficacy of
intermittent preventive treatment versus chloroquine prophylaxis to
prevent malaria during pregnancy in Benin. Journal of Infectious

Diseases, 198 (4): 594-601. doi:10.1086/590114.

83



Buffet, A.P., Gamain, B., Scheidig, C., Baruch, D., Smith, J.D., Hernandez-
Rivas, R., Pouvelle, B., Oishi, S.Fujii, N., Fusai, T, Parzy, D., Miiler,
L.H., Gysin, J. and Scherf, A. (1999). Plasmodium falciparum domain
mediating adhesion to chondroitin sulfate A: A receptor for human
placental infection. Proceedings ofthe National Academy of Sciences,
96 (22): 12743-12748. Retrieved from

http://www.pnas.org/content/96/22/12743.full.pdf

Carlson, J. and Wahlgren, M. (1992). Plasmodium falciparum erythrocyte
resetting is mediated is by promiscuous lectin-like interactions.
Journal ofExperimental Medicine, 176(5): 1311-1317. Retrieved from

http://jem.rupress.org/content/176/5/1311.long

Castelli, F., Odolini, S., Autino, B., Foca, E., and Russo, R. (2010). Malaria
Prophylaxis: A Comprehensive Review. Pharmaceuticals, 3: 3212-
3239

doi:10.3390/ph3103212

Chimsuku, L., Verhoeff, F.H., Maxvell, S.M., Broadhead, R.L., Thomas, A.,
van der Kaay, H.J., Russell, W. and Brabin, B. (1994). The
consequences of malaria infection in pregnant women and their infants.
Memorias do Instituto Oswaldo Cruz, Rio de Janeiro, 89 suppl. II.
Retrieved from
http://memorias.ioc.fiocruz.br/pdf/\Volume89/vol89(fsup2) 008-

009.pdf

84



Chinnock, P. (2010). High proportions of malaria drugs are found to be
substandard.US  Pharmacopeial ~ Convention.  Retrieved from
http://www.tropika.net/svc/news/2010021/Chinnock-20100210-News-

USP-antimalarials

Chotivanich, K., Silamut, K. and Day, N.P.J. (2006). Laboratory diagnosis of
malaria infection- a short review of methods. Australian Journal of
Medical Science, 27:11-15. Retrieved from

http://www.nzimls.org.nz/121.html?articles_id=100

Cleland, J. and Jejeebhoy, S. (1996). “Maternal schooling and fertility:
Evidence from censuses and surveys”. In girl’s schooling, autonomy
and fertility change in south Asia.Roger Jeffery and Alaka M. Basu

(eds.).Thousand Oaks, C.A: Sage Publications. Pp 72-106.

Cleland, J (2001). Education and future fertility trends, with special reference
to mid-transitional countries. Population and Development Review, 27:
323-330. Retrieved from
http://www.un.org/esa/population/publications/completingfertility/Revi

sedCLELANDpaper.PDF

Clendennen, T.E. 3", Long, G.W. and Baird, J.K. (1995). QBC and Giemsa-
stained thick blood films: diagnostic performance of laboratory
technologists. Transactions of the Royal Society Tropical Medical
Hygiene, 89(2): 183-4. Retrieved from

http://www.ncbi.nlm.nih.gov/pubmed/7539953

85



Cochrane, S. H. (1978). Fertility and education: What do we really know?
London; Baltimore: The John Hopkins University Press. Retrieved

from http://www.eubios.info/EJI24/ej124i.htm

Cockburn, I.A., Mackinnon, M.J., O’Donnell, A., Allen, S.J., Moulds, J.M.,
Baisor, M., Bockarie, M., Reeder, J.C. and Rowe, J.A. (2004). A
human complement receptor 1 polymorphism that reduces Plasmodium
falciparum resetting confers protection against severe malaria.
Proceedings of the National Academy of Science of the USA,101 (1):

272-277. d0i:10.1073/pnas.030536101

Conde-Agudelo, A., Belizan, J.M. and Diaz-Rossello, J. (2011). Kangaroo
mother care to reduce morbidity and mortality in low birthweight
infants. Cochrane Database of Systematic Reviews, Issue 3. Art. No.:

CDO002771. doi:10.1002/14651858.CD002771.pub2

Conde-Agudelo, A., Belizan, J.M. and Lammers, C. (2005). Maternal-
perinatal morbidity associated with adolescent pregnancy in Latin
America: Cross-sectional study. American Journal of Obstetrics and
Gynecology, 192 (2): 342-9. Retrieved

fromhttp://www.ncbi.nlm.nih.gov/pubmed/15695970

Cook, G.C. and Zumla, A. (2009). Manson’s Tropical Diseases:Malaria(pp

1201-13).22" edition. Elsevier pp.

86



Coulibaly, S. O., Gies, S. and D’Alessandro, U. (2007). Malaria burden among
pregnant women living in the rural district of Boromo, Burkina Faso.
American Journal of Tropical Medicine and Hygiene, 77 (6): 56-60.

Retrieved from http://www.ajtmh.org/content/77/6_Suppl/56.long

Cserti, C.M. and Dzik, W.H. (2007). The ABO blood group system and
Plasmodium falciparum malaria. Journal of the American Society of

Hematology,110 (7): 2250-2258. doi: 10.1182/blood-2007-03-077602

Czechowicz, J., Maldonado, Y. and Benavente, L. (2006). Preventing malaria
and anaemia in pregnancy: A case-control study of intermittent
preventative treatment on Bioko Island, Equatoria Guinea. Medical
Care Development International and Bioko Island Malaria Control
Project. Retrieved from
http://www.docstoc.com/docs/51605316/PREVENTING-MALARIA-

AND-ANEMIA-IN-PREGNANCY

d’Almeida, T.C.D.A., Agboton-Zoumenou, M., Garcia, A., Massougbodji, A.,
Briand, V., Imorou, Y. and Cottrell, G. (2011). Field evaluation of the
intermittent preventive treatment of malaria during pregnancy (IPTp)
in Benin: evolution of the coverage rate since its implementation.

Parasites and Vectors, 4: 108. doi:10.1186/1756-3305-4-108.

Delley, M., Bouvier, P., Breslow, N., Doumbo, O., Sagara, |., Diakite, M.,
Mauris, A., Dolo, A. and Rougemont, A. (2000). What does a single
determination of malaria parasite density mean? A longitudinal survey
in Mali. Tropical Medicine and International Health, 5(6): 404-412.

d0i:10.1046/j.1365-3156.2000.00566.x

87



Desai, M., ter Kuile, F. O., Nosten, F., McGready, R., Asamoah, K., Brabin,
B. and Newman, R.D. (2007). Epidemiology and burden of malaria in
pregnancy. Lancet Infectious Diseases, 7: 93-104. Retrieved from
http://www.bvs.hn/Honduras/Malaria/Malariay

embarazao/Epidemiology and burden of malaria in pregnancy.pdf

Danuor, S.K., Tay, S. C. K., Annor, T., Forkuo, E.K., Bosompem, K. M. and
Antwi, V. (2010). The impact of climate variability on malaria
incidence and prevalence in the forest zone of Ghana — A case study at
two (2) hospitals located within the Kumasi Metropolitan area of the
Ashanti Region of Ghana. International Conference on Climate,
Sustainability and Development+18. Retrieved from
http://www.dewpoint.org.uk/AssetLibrary/ICID18/3DANUOR_et_al_|I

CID+18.pdf

Dhanawat, M., Das, N., Nagarwal, R.C. and Pandit, J.K. (2010). Development
in malarial vaccine: A review. Drug Discoveries and Therapeutics,
4(5): 298-313. Retrieved from

http://www.ddtjournal.com/action/downloaddoc.php?docid=356

East Africa Network for Monitoring Antimalarial Treatment (EANMAT)
(2003). The efficacy of antimalarial monotherapies, sulfadoxine-
pyrimethamine and amodiaquine in East Africa: implications for sub-
regional policy. Tropical Medicine and International Health, 8(10):

860-867. doi: 10.1046/].1360-2276.2003.01114.x

88



Efunshile, M., Amoo, A. O. J., Akintunde, G. B., Ojelekan, O. O., Konig, W.
and Konig, B. (2011). Use and effects of malaria control measures in
pregnancy in Lagos, Nigeria. Korean Journal of Parasitology, 49(4):

365-371. doi: 10.3347/kip.2011.49.4.365

Enato, E.F.O. and Okhamafe, A. O. (2005). Plasmodium falciparum malaria
and antimalarial interventions in sub-Saharan Africa: Challenges and
Opportunities. African Journal of Biotechnology, 4 (13): 1598-1605.
Retrieved from

http://www.ajol.info/index.php/ajfand /article/viewFile/71774/60731

Ferrer, P., Roberts, I., Syndendam, E., Blackhall, K. and Shakur, H. (2009).
Anti-fibrinolytic agents in post partum haemorrhage: a systematic
review. BMC Pregnancy and Childbirth, 9:29. doi:10.1186/1471-2393-

9-29

Fischer, P.R. and Boone, P. (1998). Short Report: Severe malaria associated
with blood group. American Journal of Tropical Medicine and
Hygiene, 58(1): 122-123. Retrieved from
http://www.interactivemathvision.com/mck/Probability/ ABO/ABOFisc

herBoone.pdf

89



Fleming, A.F., Ghatoura, G.B.S., Harrison, K.A. Briggs, N.D. and Dunn, D.T.
(1986). The prevention of anaemia in primigravidae in the guinea
savanna of Nigeria. Annals of Tropical Medicine and Parasitology,
80(2): 211-233. Retrieved from

http://www.ncbi.nlm.nih.gov/pubmed/3530158

Flint, J., Harding, R.M., Boyce, A.J. and Clegg, J.B. (1998). The population
genetics of the haemoglobinopathies. Baillieres Clinical Haematology,

11: 1-51. Retrieved from

http://www.ncbi.nlm.nih.gov/pubmed/10872472

FMOH ( 2005). National guidelines and strategies for malaria prevention and
control during pregnancy. A publication of the Federal Ministry of
Health, Nigeria; Malaria Control Programme. Federation of the
Ministry of Health, Abuja, Retrieved from

http://nmcpnigeria.org/f/20056ANNUAL REPORT.pdf

Fontenille, D., Lochouarn, L., Diagne, N., Sokhna, C., Lemasson, J-J., Diatta,
M., Konate, L., Faye, F., Rogier, C. and Trape, J.F. (1997). High
annual and seasonal variations in malaria transmission by Anophelines
and vector species composition in Dielmo. A holoendemic area in
Senegal. American Journal of Tropical Medicine and Hygiene, 56(3):

247-253 Retrieved from http://www.ajtm.org/content/56/3/247.long

Gallup, J.L. and Sachs, J.D. (2001). The economic burden of malaria.
American Journal of Tropical Medical Hygiene, 64(1,2)S: 1-11

Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/11425181

90



Garner, P. and Brabin, B.J. (1994). a review of randomized controlled trials of
routine antimalarial drug prophylaxis during pregnancy in endemic
malarious areas. Bulletin of the World Health Organization, 72(1): 89-

99. Retrieved from

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2486521

Gatton, M.L. and Cheng, Q. (2006). Plasmodium falciparum infection
dynamics and transmission potential following treatment with
sulfadoxine-pyrimethamine. Journal of Antimicrobial Chemotherapy,

58: 47-51. doi: 10.1093/jac/dk1158

Genton, B., al-Yaman, F., Mgone, C.S., Alexander, N., Paniu, M.M., Alpers,
M.P. and Mokela, D. (1995). Ovalocytosis and cerebral malaria.

Nature, 378 (6557):564-565. doi: 10.1038/378564a0

GHS, NMCP, JHPIEGO, MSH and Global Fund (2005). Intermittent
Preventive Treatment (IPT) of malaria in pregnancy. Training Manual
for Health Providers. Ghana Health Service. Retrieved from
http://www.ghanaghp.org/fileadmin/user_upload/QHP/IPT_Participant

s_Manual_FINAL.pdf

Gikandi,P.W., Noor, A.M., Gitonga, C.W., Ajanga, A.A. and Snow, R.W.
(2008). Access and barriers to measures targeted to prevent malaria in
pregnancy in rural Kenya. Tropical Medicineand International Health,

13 (2):208-217. doi: 10.1111/j.1365-3156.2007.01992.x

91



Gillespie, S. H. and Pearson, R. D. (2001). Principles and Practice of Clinical
Parasitology. Wiley and Sons Ltd. Retrieved from
http://onlinelibrary.wiley.com/doi/10.1002/0470842504.fmatter_indsu

b/pdf

Gilles, H (1993). Diagnostic methods in malaria, p.78. In H.M. Gilles and
D.A. Warrell(ed.), Essential malariology, 3" ed. P Edward Arnold.

London,United Kingdom.

Gillies, M.T. (1988). Anopheline mosquitoes: vector behaviour and
bionomics. In: Wernsdorfer W.H., McGregor |., eds. Malaria:
Principles and Practice of Malarialogy, pp 453-485. Edinburgh:

Churchill Livingstone, UK.

Glover-Amengor, M., Owusu, W.B. and Akanmori, B.D. (2006).
Determinants of anaemia in pregnancy in Sekyere West District,
Ghana. Ghana Medical Journal, 39 (3): 102-107. Retrieved from

http://www.ncbi.nlm.nih.gov/pmc/articlessPMC1790823/

Gollin, D. and Zimmermann, C. (2007). Malaria: Disease Impacts and Long-
Run Income Difference. IZA Discussion Paper No. 2997. 2007.

Retrieved from http://ftp.iza.org/dp2997.pdf

92



Goldberg, D. E., Slater, A. F, Cerami, A. and Henderson, G. B. (1990).
Hemoglobin degradation in the malaria parasite Plasmodium
falciparum: an ordered process in a unique organelle. Proceedings of
the National Academy of Sciences, USA. 1990; 87(8): 2931-2935.
Retrieved from

http://www.ncbi.nlm.nih.gov/pmc/articlessPMC53807/?page=1

Goodman, C.A., Coleman, P.G. and Mills, A.J. (2001). The cost-effectiveness
of antenatal malaria prevention in sub-Saharan Africa. American
Journal of Tropical Medicine and Hygiene, 64(1,2 S):45-56. Retrieved
from http:www.researchgate.net/publication/11915762_The_cost-
effectiveness_of antenatal _malaria_prevention_in _sub-

Saharan_Africa

Graves, P. and Gelband, H. (2000). Vaccine for preventing malaria. Cochrane
Database of Systematic Reviews, CD000129.

doi: 10.1002/14651858.CD000129

Guyatt, H.L. and Snow, R.W.(2001). The epidemiology and burden of
Plasmodium falciparum-related anaemia among pregnant women in
sub-Saharan Africa. America Journal of Tropical Medicine and
Hygiene, 64(1):36-44. Retrieved from

http://www.ajtmh.org/content/64/1_suppl/36.full.pdf+html

93



Guyatt, H.L. and Snow, R.W. (2001). Malaria in pregnancy as an indirect
cause of infant mortality in sub-Saharan Africa. Transactions of the
Royal Society of Tropical Medicine and Hygiene, 95(6): 569-576.

Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/11816423

Gyapong, R.N.K., Duwiejua, M., Bio, F.Y., Woode, E., Ansah, C., Owusu-
Daaku, F.T. and Boateng, K.O. (2009). Characterization and treatment
of severe malaria in hospitalized children at a Ghanaian district
hospital. The Open Tropical Medicine Journal, 2009, 2, 39-44.
Retrieved from

http://www.benthamopen.com/totmj/articles/\V002/39TOTMJ.pdf

Hall, K. A., Newton, P. N., Green, M. D., de Veij, M., Vandenabeele, P.,
Pizzanelli, Mayxay, M., Dondorp, A. and Fernandez, F. M. (2006).
Characterization of counterfeit artesunate antimalarial tablets from
southeast Asia. American Journal of Tropical Medicine and Hygiene,
75(5): 804-811. Retrieved from

http://www.ajtmh.org/content/75/5/804.long

Hanscheid, T. and Grobusch, M.P. (2002). How useful is PCR in the diagnosis
of malaria? Trends in Parasitology, 18(9): 395-398.

d0i:10.1016/S1471-4922(02)02348-6

Harinasuta, T. and Bunnang, T. (1988).The clinical features of malaria. In:
Malaria: principles and practice of malarialogy, pp 709-734.Edited by

Wernsdorfer WH, McGregor I. London: Churchill Livingstone.

94


http://www.ncbi.nlm.nih.gov/pubmed/11816423

Harrison, K.A. (1989). Tropical obstetrics and gynaecology. 2. Maternal
mortality. Transactions of the Royal Society Tropical Medicine
Hygiene, 83(suppl. 4): 449-453. Retrieved from
http://www.ncbi.nim.nih.gov/pubmed/2617595

Harvey, S.A., Jennings, L., Chinyama, M., Masaninga, F., Mulholland, K. and
Bell, D.R. (2008). Improving community health worker use of malaria
rapid diagnostic tests in Zambia: package instructions, job aid and not
job aid-plus—training. Malaria Journal, 7: 160. doi:10.1186/1475-

2875-7-160

Hawkes, M. and Kain, K.C. (2007). Advance in malaria diagnosis. Expert
Review of Anti-infective Therapy, 5(3): 485-495.

doi:10.1586/14787210.5.3.485

Heggenhougen, H. K., Hackethal, V. and Vivek, P. (2003).The behavioural
and social aspects of malaria and its control — An introduction and
annotated bibliography. TDR/STR/SEB/VOL/03.1. Retrieved from

http://lwww.who.int/tdr/publications/documents/seb_malaria.pdf

Holland, C.A. and Kiechle, F.L. (2005). Point-of-care molecular diagnostic
system-past, present and future. Current Opinion in Microbiology,
8(5): 504-509. Retrieved from

http://www.dx.doi.org/10.1016/j.mib.2005.08.001

95


http://www.ncbi.nim.nih.gov/pubmed/2617595
http://www.dx.doi.org/10.1016/j.mib.2005.08.001

Hombhanje, F. W., Hwaihwanje, I., Tsukahara, T., Saruwatari, J., Nakagawa,
M., Osawa, H., Paniu, M. M., Takahashi, N., Lum, J. K., Aumora, B.,
Masta, A., Sapuri, M., Kobayakawa, T., Kanako, A. and Ishizaki, T.
(2004). The disposition of oral amodiaquine in Papua New Guinean
children with falciparum malaria. British Journal of Clinical
Pharmacology, 59  (3): 298-301. doi:  10.1111/j.1365-

2125.2004.02257.x

Hommerich, L., von QOertzen, C., Bedu-Addo, G., Holmberg, V., Acquah,
P.A., Eggelte, T.A., Bienzle, U. and Mockenhaupt, F.P. (2007).
Decline of placental malaria in southern Ghana after the
implementation of intermittent preventive treatment in pregnancy.
Malaria Journal, 6:144.

doi:10.1186/1475-2875-6-144

Hook, C. (2005). Malaria in emergencies: treatment, diagnosis and vulnerable
groups. Humanitarian practice network, 31. Retrieved from
http://www.odihpn.org/humanitarian-exchange-magazine/issue-
31/malaria-in-emergencies-treatment-diagnosis-and-vulnerable-groups

http;//www.travel-to-discover-ghana.com/Ghana-climate.htmi

Hviid, L. (2004). The immuno-epidemiology of pregnancy-associated
Plasmodiumfalciparum malaria: a variant surface antigen-specific
perspective. Parasite Immunology, 26(11-12): 477-486.

doi:10.1111/5.0141-9838.2004.00733.x

96



Jejeebhoy, S. J. (1995). Women'’s education, autonomy, and reproductive
behavior: Experience from developing countries. Oxford: Clarendon

Press.

Joubert, I.A. and Dyer, R.A. (2005). Anaesthesia for the pregnant patient with
acquired valvular heart disease. World Federation of Societies of
Anaesthesiologists. Issue 19. Article 9:1-2.

http://www.nda.ox.ac.uk/wfsa/htm/u19/u1909_01.htm

Kawali, K., Spiegelman, D., Shankar, A.H. and Fawzi, W.W. (2011). Maternal
multiple micronutrient supplementation and pregnancy outcomes in
developing countries: meta-analysis and meta-regression. Bulletin of
the World Health Organization, 89:402-411B. do0i:10.2471/BLT.

10.083758

Kwiatkowski, D.P. (2005). How malaria has affected the human genome and
what human genetics can teach us about malaria. American Journal of
HumanGenetics,77(2): 171-192. Retrieved from

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1224522/

Kyabayinze, D.J., Tibenderana, J.K., Odong, G.W., Rwakimari, J.B. and
Counihan, H. (2008). Operational accuracy and comparative persistent
antigenicity of HRP2 rapid diagnostic tests for Plasmodium falciparum
malaria in hyperendemic region of Uganda. Malaria Journal, 7: 221

doi:10.1186/1475-2875-7-221

97



Lee, S\W., Jeon, K., Jeon, B.R. and Park, 1. (2008). Rapid diagnosis of vivax
malaria by the SD Bioline Malaria Antigen test when
thrombocytopenia is present. Journal of Clinical Microbiology, 46(3):

939-942. doi:10.1128/JCM.02110-07

Lisenko, S.A. and Kugeiko, M.M. (2012). Method for noninvasive
determination of haemoglobin content in biological tissues. Journal of
Applied Spectroscopy, 79(4):637-644. doi: 10.1007/s10812-012-9651-

X

Looareesuwan, S. (1999). Malaria. In Looareesuwan, S, Wilairatana P eds,
Clinical Tropical Medicine. 1 ed. Bangkok, Thailand. Medical Media,

p5-10.

Mackinnon, M.J., Mwangi, T.W., Snow, R.W., Marsh, K and Williams, T.N.
(2005). Heritability of malaria in Africa. Public Library of Science

Medicine, 2(12): e340. doi:10.1371/journal.pmed.0020340

Maier, A,G., Duraisingh, M.T., Reeder, J.C., Patel, S.S., Kazura, J.W.,
Zimmerman, P.A and Cowman, A.F. (2003). Plasmodium falciparum
erythrocyte invasion through glycophorin C and selection for Gerbich
negativity in human populations. Nature Medicine, 9: 87-92.

doi:10.1038/nm807

98



Makler, M.T., Palmer, C. J. and Ager, A.L. (1998). A review of practical
techniques for the diagnosis of malaria. Annalsof Tropical Medicine
andParasitology, 92(4): 419-433. Retrieved from

http://www.ncbi.nlm.nih.gov/pubmed/9683894

Malaria Consortium (2007). Malaria — A handbook for health professionals.

Macmillan Publishers Limited.

Malisa, A. L. and Kiriba, D. (2012). Artemisinin combination therapies price
disparity between government and private health sectors and its
implication on antimalarial drug consumption pattern in Morogoro
Urban District, Tanzania. BMC Research Notes, 5:165.

doi:10.1186/1756-0500-5-165

Mandal, S., Sarkar, R. R. and Sinha, S. (2011). Mathematical models of
malaria — a review. Malaria Journal, 10: 202. doi: 10.1186/1475-2875-

10-202

Maombi, E, Jeeva, J.B. and Singh, M. (2011). Digital analysis of changes by
Plasmodiumvivax malaria in erythrocytes. Indian Journal of
Experimental Biology, 49: 11-15.  Retrieved from
http://nopr.niscair.res.in/bitstream/123456789/10759/1/1JEB 49(1) 11-

15.pdf

99


http://www.ncbi.nlm.nih.gov/pubmed/9683894

Marinho, C.R.F., Neres, R., Epiphanio, S., Gongalves, L.A., Catarino, M.B.
and Penha-Gongalves, C. (2009). Recrudescent Plasmodium berghei
from pregnant mice displays enhanced binding to the placenta and
induces protection in multigravida. Public Library of Science ONE, 4

(5): €5630. doi:10.1371/journal.pone.0005630.

Martin, S.K., Miller, L.H., Hicks, C.U., David-West, A., Ugbode, C. and
Deane, M. (1979). Frequency of blood group antigens in Nigerian
children with falciparum malaria. Transactions of the Royal Society of
Tropical Medicine and Hygiene, 73: 216-218. doi: 10.1016/0035-

9203(79)90217-7.

Mboera, L. E., Makundi, E. A. and Kitua, A. Y. (2007). Uncertainty in malaria
control in Tanzania: Crossroads and challenges for future
interventions. American Journal of Tropical Medicine and Hygiene,
77(6): 112-118. Retrieved from

http://www.ajtmh.org/content/77/6_Suppl/112.full

McCutchan, T.F., Piper, R.C. and Makler, M.T. (2008). Use of malaria rapid

diagnostic test to identify Plasmodium knowlesi infection. Emerging

Infectious Diseases, 14(11): 1750-1752. doi:10.3201/eid1411.080840

100



McGregor, I.A. (1965). Consideration of some aspects of human malaria.
Transactions of the Royal Society of Tropical Medicine and Hygiene,
59: 145-152. Retrieved from

http://www.ncbi.nlm.nih.gov/pubmed/14297190

Mclintosh, H.M. and Jones, K.L. (2005). Chloroquine or amodiaquine
combined with sulfadoxine-pyrimethamine for treating uncomplicated
malaria. Cochrane Database Systematic Reviews, (4): CD000386.

http://www.ncbi.nlm.nih.gov/pubmed/16235276

McMahon, L.P. (2010). Iron deficiency in pregnancy. Obstetric Medicine,

3(1): 17-24 doi:10.1258/0m.2010.100004

Mendez, C. (2006). Malaria during pregnancy. Current Molecular Medicine,

6(2): 269-273. doi:10.2174/156652406776055186

Mendez, C. (1995). Malaria during pregnancy. priority area of malaria

research and control. Parasitology Today, 11(5): 178-183. Retrieved

from http://dx.doi.org/10.1016/0169-4758(95)80151-0

101


http://www.ncbi.nlm.nih.gov/pubmed/14297190

Mens, P.F., van Amerongen, A., Sawa, P., Kager, P.A. and Schallig, H.D.
(2008). Molecular diagnosis of malaria in the field: development of a
novel 1-step nucleic acid lateral flow immunoassay for the detection of
all 4 human Plasmodium spp. and its evaluation in Mbita, Kenya.
Diagnostic Microbiology and Infectious Disease, 61(4): 421-427.

Retrieved from http://www.dmidjournal.com/article/50732-

8893(08)00166-1/fulltext

Messina, J.P., Taylor, M.S., Meshnick, S.R., Linke, A.M., Tshefu, A.K., Atua,
B., Mwandagalirwa, K. and Emch, M. (2011). Population, behavioural
and environmental drivers of malaria prevalence in the Democratic
Republic of Congo. Malaria Journal, 10:161. doi: 10.1186/1475-2875-

10-161

Milne, L.M., Kyi, M.S., Chiodini, P.L. and Warhurst, D.C. (1994). Accuracy
of routine laboratory diagnosis of malaria in the United Kingdom.
Journal of Clinical Pathology, 47(8): 740-742.

http://www.ncbi.nlm.nih.gov/pubmed/7962629

Ministry of Health. (2001). National Malaria Strategy: 2001-2010. Republic
of Kenya, Nairobi: Division of Malaria Control (DOMC), Ministry of

Health, April 2001. Retrieved from http://www.eac.int

102


http://www.dmidjournal.com/article/50732-8893(08)00166-1/fulltext
http://www.dmidjournal.com/article/50732-8893(08)00166-1/fulltext
http://www.ncbi.nlm.nih.gov/pubmed/7962629

Mockenhaupt, F.P Rong, B., Till., H., Eggelte, T.E., Beck, S., Gyasi-Sarpong,
C., Thompson, W.N. and Bienzle, U. (2000). Submicroscopic
Plasmodium falciparum infections in pregnancy in Ghana. Tropical
Medicine of International Health, 5(3): 167-173.

doi: 10.1046/].1365-3156.2000.00532.x

Mockenhaupt, F.P., Bedu-Addo, G., Junge, C., Hommerich, L., Eggelte, T. A.
and Bienzle, U. (2007). Markers of sulfadoxine-pyrimethamine-
resistant Plasmodiumfalciparum in placenta and circulation of
pregnant women.Antimicrobial Agents and Chemotherapy, 51(1): 332-

4. doi:10.1128/AAC.00856-06

Moody, A. (2002). Rapid diagnostic tests for malaria parasites. Clinical
Microbiology Reviews, 15(1): 66-78. doi: 10.1128/CMR.15.1.66-

78.2002

Morassin, B., Fabre, R., Berry, A and Magnaval, J.F. (2002). One year’s
experience with the polymerase chain reaction as a routine method for
the diagnosis of imported malaria. American Journal of Tropical
Medicine and Hygiene, 66: 503-508. Retrieved from

http://www.ajtmh.org/content/66/5/503.full.pdf+html

Morley, L. C. and Taylor-Robinson, A. W. (2012). Understanding How
Plasmodium falciparum Binds to the Placenta and Produces Pathology
Provides a Rationale for Pregnancy-Associated Malaria Vaccine
Development. The Open Vaccine Journal, 5, 8-27. Retrieved from

http://benthamscience.com/open/tovacj/articles/\VV005/8TOVACJ.pdf

103



Moulds, J.M. and Moulds, J.J. (2000). Blood group associations with
parasites, bacteria and viruses. Transfusion Medicine Reviews, 14(4):

302-311. doi: 10.1053/tmrv.2000.16227

Munasinghe, S. and van den Broek, N. (2006). Anaemia in pregnancy in
Malawi-A review. Malawi Medical Journal, 18(4): 160-174 Retrieved

from http://www.docstoc.com/docs/54460709/Anaemia-In-Pregnancy-

In-Malawi

Mungai, M., Tegmeier, G., Chamberland, M. and Parise, M. (2001).
Transfusion—transmitted malaria in the United States from 1963
through 1999. New England Journal of Medicine, 344(26): 1973-1978.

Retrieved from http://www.ncbi.nlm.gov/pubmed/11430326

Murray, C. K., Gasser, R. A. Jr., Magill, A. J. and Miller, R. S. (2008). Update
on rapid diagnostic testing for malaria. Clinical Microbiology Reviews,
21(1): 97-110.

doi: 10.1128/CMR.00035-07

Mutabingwa, T.K., Muze, K., Ord, R., Briceno, M., Greenwood, B. M.,
Drakeley, C., Whitty, C. J. (2009). Randomized trial of
artesunate+amodiaquine, sulfadoxine-pyrimethamine+amodiaquine,
chlorproguanol-dapsone and SP for malaria in pregnancy in Tanzania.
Public Library of Science ONE, 4(4):e5138. Retrieved from

http://www.clinicaltrials-lhc.nim.nih.gov/ct2/show/NCT100146731

104


http://www.docstoc.com/docs/54460709/Anaemia-In-Pregnancy-In-Malawi
http://www.docstoc.com/docs/54460709/Anaemia-In-Pregnancy-In-Malawi

Mutabingwa, T.K., Whitty, C., Muze, K., Lemnge, M. and Greenwood, B.
(2003).Treating malaria during pregnancy: a randomized trial of
potential options for treatment in an area of high drug resistance in

Tanzania. Protocol Final, 2:1.

Mwangi, T.W., Mohammed, M., Dayo, H., Snow, R.W. and Marsh, K. (2005).
Clinical algorithms for malaria diagnosis lack utility among people of
different age groups. Tropical Medicine of International Health, 10(6):

530-536. doi:10.1111/j.1365-3156.2005.01439.x

Nasr, A., Eltoum, M., Yassin, A. and ElGhazali, G. (2012). Blood group O
protects against complicated Plasmodium falciparum malaria by the
mechanism of inducing high levels of anti-malarial 1gG antibodies.
Saudi Journal for Health Sciences, 1(1): 16-22. doi: 10.4103/2278-

0521.94979

National Institutes of Health, USA. (2006). Intermittent preventive treatment
during pregnancy in Benin: a randomized, open, and equivalent trial
comparing sulfadoxine-pyrimethamine with mefloquine. 2006.

Retrieved from http://clinicaltrials.gov/ct/show/NCT00274235

National Institutes of Health, USA. (2006). IPT and efficacy of sulfadoxine/
pyrimethamine and chloroproguanil/dapsone in 6-59 month old
children with malaria. 2006. Retrieved from

http://clinicaltrials.gov/ct2/show/NCT00361114

105



Neelakantaswamy, P.S., Aspar, K.F., Rajaratham, A. and Das, N.P. (1984).
Technical Note: Conductimetric experiment to assay the haemoglobin
content of blood. Medical and Biological Engineering and Computing,
22: 367-370. Retrieved from

http://www.link.springer.com/content/pdf/10.1007%2FBF02442108.

Netterwald, J. (2009). HPLC stabilizes drugs.Drug Discovery and
Development, 12: (5): 22-24. Retrieved from

http://www.dddmag.com/articles/2009/hplc-stabilizes-drugs

Ngasala, B., Mubi, M., Warsame, M., Petzold, M.G., Massale, A.Y.,
Gustafasson, L.1., Tomson, G., Premji, Z. and Bjorkman, A.(2008).
Impact of training in clinical and microscopy diagnosis of childhood
malaria on antimalarial drug prescription and health outcome at
primary health care level in Tanzania: a randomized controlled trial.

Malaria Journal, 7:199. doi: 10.1186/1475-2875-7-199

Nkuo-Akenji, T., Ntonifor, N.N., Ndukum, M.B., Kimbi, H.K., Abongwa,
E.L., Nkwescheu, A., Anong, D.N., Songbe, M, Boyo, M.G.,
Ndamukong, K.N. and Titanji, V.P.K. (2006). Environmental factors
affecting malaria parasite prevalence in rural Bolifamba,South-West
Cameroun. Africa Journal of Health Sciences, 13(1-2):40-46.

Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/17348742

106



Nnaji, G.A., Okafor, C.I. and Ikechebelu, J.I. (2006).An evaluation of the
effect of parity and age on malaria parasitaemia in pregnancy.Journal
of Obstetrics and Gynaecology, 26(8): 755-758.

doi:10.1080/01443610600956089

Nosten, F. (2000). Effects of artesunate-mefloquine combination on incidence
of Plasmodium falciparum malaria and mefloquine resistance in
western Thailand: a prospective study. Lancet, 356(9226): 297-302.

doi:10.1016/S0140-6736(00)02505-8

Nosten, F., McGready, R., D’Alessandro, U., Bonell, A., Verhoeft, F.,
Menendez, C., Mutabingwa, T. and Brabin, B. (2006). Antimalarial
drugs in pregnancy: A review. Current Drug Safety, 1(1): 1-15. doi:

10.2174/1574886067752584

Nsimba, M. M., Lami, J. N., Yamamoto, C., Kaji, T., Mukengeshaie, M. and
Lufuluabo, M. (2012). In vitro reversal of deformity and inhibition of
aggregation of sickle red blood cells by two Congolese herbal
medicines. Journal of Medicinal Plants Research, 6(31): 4601-4608.

doi:10.5897/JMPR11.376

Obonyo, C. O. (2006) Malaria, anemia and antimalarial drug resistance in
African children. Thesis, University of Utrecht, Utrecht, the
Netherlands. ISBN-10: 90-393-4348-9. Retrieved from
http://igitur-archive.library.uu.nl/dissertations/2006-0929-

200211/full.pdf

107



Ojo, D.A.and Mafiana, C.F. (2005). Seasonal pattern of malaria fever among
children in Abeokuta, Ogun State, Southwest Nigeria. Pakistan
Journal of Social Sciences, 3(4): 572-576. Retrieved from

http://docsdrive.com/pdfs/medwelljournals/pjssci/2005/572-576.pdf

Okonofua, P.E. (2004). Prevention of malaria in pregnancy, an important
public health challenge. A Peer Review Journal of Biomedical

Sciences,3: 15-16.

O’Neil, D. (2012). Distribution of blood types. Retrieved from

http://anthro.palomar.edu/vary/vary_3.htm

O’Neil-Dunne, I, Archur, R.N., Agbor-Enoch, S.T., Valiyaveettil, M. and
Naik, R.S. (2001). Gravidity-dependent production of antibodies that
inhibit binding of Plasmodium falciparum infected erythrocytes to
placental chondroitin sulfate proteoglycan during pregnancy. Infection
and Immunity, 69(12): 7487-7492.

doi: 10.1128/1A1.69.12.7487-7492.2001

Onwujekwe, O., Kaur, H., Dike, N., Shu, E., Uzochukwu, B., Hanson, K.,
Okoye, V. and Okonkwo, P. (2009). Quality of anti-malarial drugs
provided by public and private healthcare providers in south-east
Nigeria. Malaria Journal, 8:22.

doi: 10.1186/1475-2875-8-22

108



Opoku, E. A. (2009). Utilization of maternal care services in Ghana by region
after the implementation of the free maternal care policy. University of
North Texas Health Science Center: UNTHSC Scholarly Repository.

Retrieved from http://www.digitalcommoms.hsc.unt.edu/theses/78

Osbourne, G.K., Howatt, R.C and Jordan, M.M. (1981). The obstetric outcome
of teenage pregnancy. British Journal of Obstetrics and Gynaecology,
88(3): 215-221. Retrieved from

http://www.ncbi.nlm.nih.gov/pubmed/7470411

Osungbade, K. O. and Oladunjoye, A. O. (2012). Preventive treatment of iron
deficiency anaemia in pregnancy: A review of their effectiveness and
implications for health system strengthening. Journal of Pregnancy,

Article ID 454601. doi: 10.1155/2012/454601

Ovenseri-Ogbomo, G.0. and Omuemu, V.O. (2010).Prevalence of refractive
error among school children in the Cape Coast Municipality,
Ghana.Clinical Optometry 2010.2.Retrieved from

http://www.dovepress.com/getfile.php?fileID=6793

Parise, M.E., Avyisi, J.G. and Nahlen, B.L. (1998). Efficacy of sulfadoxine-
pyrimethamine for prevention of placental malaria in an area of Kenya
with a high prevalence of malaria and human immunodeficiency virus
infection. American Journal of Tropical Medicine and Hygiene, 59(5):
813-822. Retrieved from

http://www.ajtmh.org/content/59/5/813.full.pdf+html

109


http://www.digitalcommoms.hsc.unt.edu/theses/78

Patel, K.N. and Patel, J. K. (2010). A review — qualitative and quantitative
analysis of antimalarial drugs and their metabolites in body fluids.
Journal ofCurrent Pharmaceutical Research, 2(1): 5-14. Retrieved

from http://jcpronline.com/final/67823.pdf

Pathirana, S.L., Alles, H.K., Bandara, S., Phone-Kyaw, M., Perera, M.K.,
Wickremasinghe, A.R., Mendis, K.N. and Handunnetti, S.M (2005).
ABO-blood-group types and protection against severe, Plasmodium
falciparum malaria. Annals of Tropical Medicine and Parasitology,
99(2): 119-124.

doi: http://dx.doi.org/10.1179/136485905X19946.

Payne, D. (1988). Use and limitations of light microscopy for diagnosing
malaria at the primary health care level. Bulletin of the World Health
Organization, 66(5): 621-628. Retrieved from

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2491188

Price, R.N., Dorsey, G., Ashley, E.A., Barnes, K.1., Baird, K. and White, N.J.
(2007). World Antimalarial Resistance Network I: Clinical efficacy of
antimalarial drugs. Malarial Journal, 6:119. doi:10.1186/1475-2875-6-

119

Reddy, M.R., Overgaard, H.J., Abaga, S., Reddy, V.P., Caccone, A.,
Kiszewski, A.E. and Slotman, M.A. (2011). Outdoor host seeking
behavior of Anophelesgambiae mosquitoes following initiation of
malaria vector control on Boko Island, Equatorial Guinea. Malaria

Journal, 10:184. http://www.ncbi.nim.nih.gov/pubmed/21736750

110



Reesing, H.W. (2005). European strategies against the parasite transfusion
risk. Transfusion Clinique et Biologique, 12(1): 1-4.

http://www.ncbi.nlm.gov/pubmed/15814284

Reveiz, L., Gyte, G. M. and Cuervo, L. G. (2007). Treatments for iron-
deficiency anaemia in pregnancy. Cochrane Database of Systematic
Reviews, 2, Article ID CD003094. doi:

10.1002/14651858.CD003094.pub?2

Reyburn, H., Mbakilwa, H., Mwangi, R., Mwerinde, O., Olomi, R., Drakeley,
C. and Whitty, J. M. (2007). Rapid diagnostic tests compared with
malaria microscopy for guiding outpatient treatment of febrile illness
in Tanzania: randomized trial. British Medical Journal, 334:403.

doi: http://dx.doi.org/10.1136/bmj.39073.496829.AE.

Ringwald, P., Peyron, F., Rabarison, P., Rakotomalala, C., Razanamparany,
M., Roux, J. and Le Bras, J. (1993). Parasite virulence factors during
falciparum malaria: resetting, cytoadherence and modulation of
cytoadherence by cytochines. Infection and Immunity, 61(12): 5198-

5204. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC281301/

Roberts, D. J., Harris, T. and Williams, T. (2004).The influence of inherited
traits on malaria infection. In Susceptibility to Infectious Diseases: The
Importance of Host Genetics,139-184. Edited by Bellamy R.

Cambridge University Press.

111


http://dx.doi.org/10.1136/bmj.39073.496829.AE

Roche Pharmaceuticals (2004).Fansidar, a brand of sulfadoxine and
pyrimethamine tablets. Roche Laboratories Inc. 2004. Retrieved from

http://dailymed.nim.nih.gov/dailymed/archives/fdaDruglnfo.cfm?archi

veid=773

R.N.K. Gyapong, M. Duwiejua, F.Y. Bio, E. Woode, C. Ansah, F.T. Owusu-
Daaku and K.O. Boateng (2009). Characterization and treatment of
severe malaria in hospitalized children at a Ghanaian district hospital.
The Open Tropical Medicine Journal, 2009, 2, 39-44. Retrieved from

http://www.benthamopen.com/totmj/articles/\V002/39TOTMJ.pdf

Rogier, C., Commenges, D. and Trape, J.F. (1996). Evidence for an age-
dependent pyrogenic threshold of P. falciparum parasitaemia in highly
endemic populations. American Journal of Tropical Medicine and
Hygiene, 54(6): 613-619. Retrieved from

http://horizon.documentation.ird.fr/exldoc/pleins textes/pleins textes

6/b_fdi_45-46/010007700.pdf

Rosenblatt, J.E. (2009). Laboratory diagnosis of infections due to blood and
tissue parasites. Clinical Infectious Diseases, 49(7): 1103-1108. doi:

10.1086/605574

112


http://dailymed.nlm.nih.gov/dailymed/archives/fdaDrugInfo.cfm?archiveid=773
http://dailymed.nlm.nih.gov/dailymed/archives/fdaDrugInfo.cfm?archiveid=773
http://horizon.documentation.ird.fr/exldoc/pleins_textes/pleins_textes_6/b_fdi_45-46/010007700.pdf
http://horizon.documentation.ird.fr/exldoc/pleins_textes/pleins_textes_6/b_fdi_45-46/010007700.pdf

Rowe, J.A., Handel, 1.G., Thera, M.A., Deans, A. Lyke, K.E, Kone, A., Diallo,
D.A., Raza, A, Kai, A., Marsh, K., Plowe, C.V., Doumbo, O.K. and
Moulds, J.M.(2007). Blood group O protects against severe
Plasmodium falciparum malaria through the mechanism of reduced
rosetting. Proceedings of the National Academy of Science, 104(44):

17471-17476. doi: 10.1073/pnas.0705390104

Sachs, J. and Malaney, P. (2002). The economic and social burden of malaria.
Nature, 415:680-85. Retrieved from
http://www.cid.harvard.edu/cidinthenews/articles/sachsmalariafeb02.p

df

Saitou, N. and Yamamoto, F. (1997). Evolution of primate ABO blood group
genes and their homologous genes. Molecular Biology and Evolution,

14: 399-411. doi: 10.1093/oxfordjournals.molbev.a025776

Salhan, S., Tripathi, V., Singh, R. and Gaikwad, H.S. (2012). Evaluation of
hematological parameters in partial exchange and packed cell
transfusion in treatment of severe anemia in pregnancy. Anemia,

34(3):169-74, Article 1D 608658, 7 pp. doi:10.1155/2012/608658

Salmani, M.P., Mindolli, P.B. and Peerapur, B.V. (2011). Comparative study
of peripheral blood smear, QBC and antigen detection in malaria
diagnosis. Journal of Clinical and Diagnostic Research, 5(5): 967-969.
http://www.jcdr.net/back_issues.asp?issn=0973-
709x&year=2011&month=0ctober&volume=5&issue=5&page=967-

969&i1d=1536

113



Schlagenhauf, P. (1999). Mefloquine for malaria chemoprophylaxis 1992-
1998: A review.Journal of Travel Medicine, 6(2): 121-126.

doi: 10:1111/5.1708-8305.1999.th00843.x

She, R.C., Rawlins, M.L., Mohl, R., Perkins, S.L., Hill, H.R. and Litwin, C.M.
(2007). Comparison of immunofluorescence antibody testing and two
enzyme immunoassays in the serologic diagnosis of malaria. Journal
Travel Medicine, 14(2): 105-111. doi: 10.1111/5.1708-

8305.2006.00087.x

Shujatullah, F., Khan, H.M., Khatoon, A., Khan, P.A. and Ashfag, M. (2012).
In vitro chloroquine resistance in Plasmodium falciparum isolates from
Tertiary Care Hospital. Malaria Research and Treatment, Article ID

538481, 4 pages. doi:10.1155/2012/538481

Shulman, C.E., Dorman, E.K., Cutts, F., Kawuondo, K., Bulmer, J.N., Peshu,
N. and Marsh, K. (1999).Intermittent sulfadoxine-pyrimethamine to
prevent severe anaemia secondary to malaria in pregnancy: a
randomized placebo-controlled trial.Lancet, 353(9153): 632-636.

doi: 10.1016/S0140-6736(98)07318-8

Sirima, S.B., Sawadogo, R., Moran, A.C., Konate, A., Diarra, A., Yameogo,
M., Parise, M.E. and Newman, R.D. (2003). Failure of a chloroquine
chemoprophylaxis program to adequately prevent malaria during
pregnancy in Koupela District, Burkina Faso. Clinical Infectious
Diseases, 36(11): 1374-82.

http://www.ncbi.nih.gov/pubmed/12766831?dopt

114



Smedman, L., Gunnlaugsson, G., Norby, E., Silva, M.C. and Zetterstrom, R.
(1988). Follow-up of the antibody response to measles vaccine in a
rural area of Guinea-Bissau. Acta Paediatrica Scandinavica, 77: 885-
889.

doi: 10.1111/5.1651-2227.1988.tb10773.x

Staalsoe, T., Shulman, C.E., Buhner, J.N., Kawuondo, K., Marsh, K. and
Hviid, 1. (2004). Variant surface antigen-specific IgG and protection
against clinical consequences of pregnancy-associated Plasmodium
falciparum malaria.Lancet, 363(9405): 283-289. doi: 10.1016/S0140-

6736(03)15386-X

Stanton, M. (1995). Malaria and pregnancy.26 EST., 22:47

Steketee, R.W., Wirima, J.J. and Hightower, A.W. (1996). The effect of
malaria and malaria prevention in pregnancy on offspring on
birthweight, prematurity, and intrauterine growth retardation in rural
Malawi. American Journal of Tropical Medicine and Hygiene, 55(1):

33-41. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/8702035

Steketee, R.W., Wirima, J.J., Slutsker, L., Khoromana, C.O., Heymann, D.L.
and Breman, J.G. (2001). Malaria treatment and prevention in
pregnancy: indications for use and adverse events associated with use
of chloroguine or mefloquine. American Journal of Tropical Medicine
and Hygiene, 55 (1): 50-56. Retrieved from

http://www.ncbi.nlm.nih.gov/pubmed/8702037

115



Sullivan, A.D., Nyirenda, T., Cullinan, T., Taylor, T., Harlow, S.D., James,
S.A. and Meshnick, S.R. (1999). Malaria infection during pregnancy:
intrauterine growth retardation and preterm delivery in Malawi.

Journal of Infectious Diseases, 179: 1580-1583. doi: 10.1086/314752

Suzuki, Y. (1998). Determination of human haemoglobin in blood based on its
spectra change due to the solvent effect of ethanol. Analytical Sciences,
14: 1013-1016. Retrieved from

http://lwww.jst.go.jp/article/analsci/14/5/14 5 1013/ pdf

Syafrudin, D., Krisin, Asih, P., Sekartuti, Dewi, R.M., Coutrier, F., Rozy, I.E.,
Susanti, A.l., Igbal, R.F.E., Awalludin, S., Rahmat, A., Kinzer, M.and
Rogers, W.0O. (2009). Seasonal prevalence of malaria in West Sumba

district, Indonesia. Malaria Journal, 8:8. doi: 10.1186/1475-2875-8-8

Tadei, W.P., Thatcher, B.D., Santos, J.M., Scarpassa, V.M., Rodrigues, J.B.
and Rafael, M.S. (1998). Ecological observations on anopheline
vectors of malaria in the Brazilian .Amazon. American Journal of
Tropical Medicine and Hygiene,59(2): 325-335. Retrieved from

http://intl.ajtmh.org/content/59/2/325.full.pdf+html

Tagbor, H., Bruce, J., Browne, E., Greenwood, B. and Chandramohan, D.
(2008). Performance of the OpiMAL dipstick in the diagnosis of
malaria infection in pregnancy. Therapeutics and Clinical Risk
Management, 4(3): 631-636. Retrieved from

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2500256

116



Tagbor, H., Bruce, J., Browne, E., Randal, A., Greenwood, B. and
Chandramohan, D. (2006). Efficacy, safety and tolerability of
amodiaquine plus sulfadoxine-pyrimethamine used alone or in
combination for malaria treatment in pregnancy: a randomized trial.

Lancet, 368(9544): 1349-1356. doi: 10.1016/S0140-6736(06)69559-7

Tagbor, H. Bruce, J. and Ord, R. (2007). Comparison of the therapeutic
efficacy of chloroquine and sulfadoxine-pyrimethamine in children and
pregnant women. Tropical Medicine and International Health, 12(11):
1288-97.

doi: 10.1111/5.1365-3156.2007.01927.x

Tangpukdee, N., Duangdee, C., Wilairatana, P. and Krudsood, S. (2009).
Malaria diagnosis: A brief review. Korean Journal Parasitology,

47(2): 93-102. doi: 10.3347/kjp.2009.47.2.93

Tarimo, D.S., Minjas, J.N. and Bygbjerg, 1.C. (2001). Perceptions of
chloroquine efficacy and alternative treatments for uncomplicated
malaria in a holoendemic area of Tanzania: implications for the change
of malaria policy.Tropical Medicine and International Health, 6(12):

992-997. doi: 10.1046/].1365-3156.2001.00818.x

Tarimo, D.S. (2007). Appraisal on the prevalence of malaria and anaemia in
pregnancy and factors influencing uptake of intermittent preventive
therapy with sulfadoxine-pyrimethamine in Kibaha District, Tanzania.
East African Journal of Public Health, 4(2): 80-83 Retrieved from

http://www.bioline.org.br/pdf?1p07017.

117



Taylor, S.M., Juliano, J.J., Trottman, P.A., Griffin, J.B., Landis, S.H., Kitsa,
P., Tshefu, A.T. and Meshnick, S.R. (2010). High-throughput pooling
and real-time PCR-based strategy for malaria detection. Journal of

Clinical Microbiology, 48(2): 512-519. doi: 10.1128/JCM.01800-09

Thomas, F., Erhart, A. and D’Alessandro, U. (2004). Can amodiaquine be
used safely during pregnancy? The Lancet Infectious Diseases 4(4):
235-239.

doi: 10.1016/S1473-3099(04)00974-0

Thompson, J.K., Triglia, T., Reed, M.B. and Cowman, A.F. (2001). A novel
ligand from Plasmodium falciparum that binds to a sialic acid-
containing receptor on the surface of human erythrocytes. Molecular

Microbiology, 41(1): 47-58. doi: 10.1046/j.1365-2958.2001.02484.x

Tren, R. (2008). Senate Briefing: Improving antimalarial drug quality in
Africa. Africa Fighting Malaria. Retrieved from

http://fightingmalaria.org/pdfs/trenpresentation092908.pdf

Udomsangpetch, R., Todd, J, Carlson, J and Greenwood, B.M. (1993). The
effects of haemoglobin genotype and ABO blood group on the
formation of rosettes by Plasmodium falciparum infected red blood
cells. American Journal of Tropical Medicine and Hygiene, 48(2):
149-153. Retrieved from

http://www.ncbi.nlm.nih.gov/pubmed/8447516

118



Uguru, N. P., Onwujejwe, O. E., Uzochukwu, B. S., Igiliebge, G. C. and Eze,
S. B. (2009). Inequities in incidence, morbidity and expenditures on
prevention and treatment of malaria in southeast Nigeria. BMC
International Health and Human Rights, 9:21. doi:10.1186/1472-

698X-9-21

Uneke, C.J. (2007). Plasmodium falciparum malaria and ABO blood group: is
there any relationship. Parasitology Research, 100(4): 759-765.

doi: 10.1007/s00436-006-0342-5

Uneke, C.J., Ogbu, O. and Nwojiji, V. (2006). Potential risk of induced
malaria by bloodtransfusion in South-eastern Nigeria. McGill Journal
of Medicine, 9(1):8-13. Retrieved from

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2687905

United Nations Department for Economic and Social Information and Policy
Analysis, Population Division. (1995). Women'’s education and fertility

behaviour. New York: United Nations.

United Nations Children’s Fund and Roll Back Malaria Partnership (2007).
Malaria and children: Progress in intervention coverage. United
Nations Children’s Fund 2007. Retrieved from

http://www.unicef.org/health/files/Malaria Oct6 for web(1).pdf

United States Pharmacopoeia (2010). One-third of antimalarial medicines
sampled in three African nations found to be sub-standard. Retrieved
from

http://www.sciencedaily.com/releases/2010/02/100209144159.htm

119


http://www.unicef.org/health/files/Malaria_Oct6_for_web(1).pdf

Valley, A., Valley, L., Changalucha, J., Greenwood, B. and Chandramohan,
D. (2007). Intermittent preventive treatment for malaria in pregnancy:
What’s new, what’s needed? Malaria Journal, 6:16. doi:

10.1186/1475-2875-6-16.

VanderJagt, D.J., Brock, H.S., Melah, G.S., EI-Nafaty, A.U., Crossey, M.J.,
and Glew, R.H. (2007). Nutritional factors associated with anaemia in
pregnant women in northern Nigeria. Journal of Health, Population
and Nutrition, 25(1) 75-81. Retrieved from

http://www.ncbi.nih.gov/pmc/articles/PMC3013266/

van Geertruyden, J.P., Thomas, F., Erhart, A. and D’Alessandro, U. (2004).
The contribution of malaria in pregnancy to perinatal mortality.
American Journal of Tropical Medicine and Hygiene, 71: 35-40.

http://www.ajtmh.org/content/71/2_suppl/35.long

van Rossem, L., Oenema, A., Steegers, E.A.P., Moll, H.A., Jaddoe, V.W.V.,
Hoffman, A., Mackenbach, J.P. and Raat, H. (2009). Are starting and
continuing breastfeeding related to educational background? The
generation R study. Paediatrics, 123 (6): €1017-e1027 doi:

10.1542/peds.2008-2663

Verhoef, H, West, C. E., Kraaijenhagen, R., Nzyuko, S. m., King, R., Mbandi,
M. M., van Laatum, S., Hogervorst, R., Schep, C. and Kok, F. J.
(2002). Malarial anemia leads to adequately increased erythropoiesis in
asymptomatic Kenyan children. Blood Journal, 100(10): 3489-3494.

doi: 10.1182/blood-2001-2001-12-0228

120



Warhurst, D. C. and Williams, J.E (1996). ACP Broadsheet no. 148. July
1996. Laboratory diagnosis of malaria. Journal of Clinical Pathology,
49(7): 533-8. Retrieved from

http://www.ncbi.nlm.gov/pubmed/8813948

Watkins, W.M., Mberu, E.K., Winstanley, P.A. and Plowe, C.V. (1997). The
efficacy of antifolate antimalarial combinations in Africa: A predictive
model based on pharmacodynamic and pharmacokinetic analysis.
Parasitology Today, 13(12): 459-464. doi: 10.1016/S0169-

4758(97)01124-1

Watkins, W.M., Mberu, E.K., Winstanley, P.A. and Plowe, C.V. (1999). More
on ‘the efficacy of antifolate antimalarial combinations in Africa’.

Parasitology Today, 15(4): 131-132. 10.1016/S0169-4758(99)01419-2

Weatherall, D.J., Miller, D.J., Baruch, D.I., Marsh, K., Doumbo, Pascual-
Casals, C. and Roberts, D.J. (2002). Malaria and the red cell. Nature,

415(6872):673-9. doi:10.1182/asheducation-2002.1.35

Whegang, S.Y., Tahar, R., Foumane, V.N., Soula, G., Gwet, H., Thalabard, J.
and Basco, L.K. (2010). Efficacy of non-artemisinin- and artemisinin-
based combination therapies for uncomplicated falciparum malaria in
Cameroon. Malaria Journal,

9:56.http://www.malariajournal.com/content/9/1/56

121



White, N.J. (2004). Antimalarial drug resistance. Journal of Clinical

Investigation, 113(8): 1084-1092. doi: 10.1172/JC121682

White, N.J. (2005). Intermittent presumptive treatment for malaria. Public
Library of Science Medicine, 2(1):e3. doi:

10.1371/journal.pmed.0020003

White. N.J. (2009). Manson’s Tropical Diseases. 22" edition. Malaria(pp

1201-13) Elsevier pp.

WHO Expert Committee on Malaria (1986). Eighteenth report. Geneva.World
Health Organization (WHO Technical Report Series, No. 735).

Retrieved from http://www.who.int/iris/handle/10665/39415

World Health Organization. (1998). Facts Sheets, No.24: 8pp.

WHO. (2000). The African Summit on Roll Back Malaria, Abuja, 25 April
2000. Geneva. WHO; WHO/CDS/RBM/2000.17. Retrieved from

http://www.who.int/iris/handle/10665/66391

WHO (2003). The quality of antimalarials — A study in selected African
countries -EDM Research Series No. 030. Retrieved from

http://www.apps.who.int/medicinedocs/fr/d/Js4901e/1.html

WHO (2004). A strategic framework for malaria prevention and control
during pregnancy in the African region. Brazaville. WHO Regional
Office for Africa. AFRO/MAL/04/01. Retrieved from

http://afro.who.int

122



WHO (2004). Field guide for malaria epidemic assessment and reporting -
Draft for field testing. WHO/HTM/MAL/2004.1097 Retrieved from

http://helid.digicollection.org/en/d/Js13421e/3.2.3.html

WHO (2010).Malaria.WHO. Fact sheet No 94. Retrieved from

http://www.who.int/mediacentre/factsheets/fs094/en/

WHO (2010). Sulfadoxine and pyrimethamine tablets adopted text for addition
to the international pharmacopoeia. Working document
QAS/07.218/FINAL. August 2011. Retrieved from
http://lwww.who.int/medicines/publications/pharmacopoeia/Sulfadox-

Pyrimeth-tab-QASO07-218FINAL.pdf

WHO (2011). Haemoglobin concentrations for the diagnosis of anaemia and
assessment of severity. Vitamin and mineral nutrition information
system. Geneva, World Health Organization,
(WHO/NMH/NHD/MNM/11.1) Retrieved from

http://www.who.int/vmnis/indicators/hamoglobin.pdf
WHO (2011). World Malaria Report 2011. Fact Sheet. Retrieved from
http://www.who.int/malaria/world_malaria_2011/WMR2011_factsheet

.pdf.

Wilson, K. and Walker, J. (2005).Principles and Techniques of Biochemistry

and molecular biology. 6" ed. Cambridge University Press.

123



Wolfe, E. (2001). Cost-effectiveness of sulfadoxine-pyrimethamine for the
prevention of malaria-associated low birth weight? American Journal
of Tropical Medicine and Hygiene, 64(3,4): 178-186. Retrieved from

http://www.ajtmh.org/content/64/3/178.full.pdf

Wondemagegnehu, E. (1999). Counterfeit and substandard drugs in Myanmar
and Vietnam. In. WHO Report. WHO/EDM/QSM/99.3. Geneva:
WHO; 1999. Retrieved from

http://apps.who.int/medicinedocs/pdf/s2276e/s2276e.pdf

Wyler, D.J. (1993). Drug Therapy: Malaria chemoprophylaxis for the

traveller. New England Journal of Medicine, 329: 31-37 Retrieved

from http://www.nejm.org/doi/pdf/10.1056/NEJM199307013290107

124



APPENDICES

APPENDIX 1: Formula for calculating the amount of active ingredient in

a tablet;

Milligram = peak area X weight of standard x average weight
of

per tablet of sample reference sample (tablet) in
mg

average peak area x weight of sample
of standard reference

Percentage of active ingredient in a tablet

= milligram per tablet X 100

strength of sample
(tablet) in milligrams

APPENDIX 2: Formula for calculating the amount of active ingredient in

a tablet that is dissolved:;

Percentage of sample = average peak area X weight of X
100
dissolved of sample reference

average peak area X  strength of sample
of reference (tablet) in grams
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APPENDIX 3: How to calculate for desired sample size when population
is greater than 10 000;

n=2z2pq; where

d2
n = the desired sample size (when population is greater than 10 000)
z = the standard normal deviation, usually set at 1.96 (or more simply 2.0),
which corresponds to the 95% confidence level,
p = the proportion in the target population estimated to have a particular
characteristics. If there is no reasonable estimate, then 50% is used,;
q=1.0-p;
d = degree of accuracy desired, usually set at 0.05 level or occasionally at
0.02.

Therefore, for a population more than 10 000, the desired sample size will be

n = (2.02) (0.50) (0.50)

(0.05) 2

n =400
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APPENDIX 4: SP STUDY QUESTIONNAIRE FORM
Hospital.........coooiiiiii, Date......ooovvviiiiiiii

Initial Clinical Presentation

(@707007010) 0 11 F: 11 4 (=S
FOIABr MUMDET . . . oo e e,

General information

(@ 10701 11021 3 o) 1 PP
Level of education........c.oiiiiiii i e
Phone numMbeT. ..o
ATEA OF TESIACINCE. ...ttt e e
House nUMDbET. ..o
Ethnic origin. ..o
Number of Pregnancies. ... ...oouvvriiiiitii ittt
Number of deliVEeries. .......oiiiii e
Number of children. ...
History of antimalarial taken (Yes 0r NO).......coiviiiiiiiiiiiiiiiiiia
If yes specify and When...........oooiiiiiiiiiii e
Regular sleeping in a mosquito net (Yes or NO)....o.ovvvviriiiiiniiiiiniinnnnss
Frequent use of mosquito coil, insect repellent or insecticide (Yes or No).......
Recent severe bleeding (Yes or NO)....ovuiiniiiiiiiiiiii e
Blood transfusion (Yes o NO).....ovuiviiiiie e e,
History of dewormer taken (Yes 0r NO).......oviviiiiiiiiiiiiiiiiieen
If yes specify and When...........oooiiiiiiii e
History of SP dose taken (YeS Or NO).......cooviviiiiiiiiiie e,
If yes specity (First, Second or Third).............cccoiiiiiiiiiiii .
Date of next SP dOSe......ouiieii i
A e OF PIOENANCY ... ettt e et
Expected date of delivery...........coiiiiiiiii i

Results

Blood film SPeCIes. ...ttt
Parasitaemia...........oooiiii e
Sickling status (Positive or Negative)........c.vvvuiiiiiiiiiiiiiei i,
Blood Group....o.oini
Haemoglobin. ... .. ..o
Strains of P. falciparum........ ...
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AﬂENDIX 5: DRUG ASSAY RESULT SHEETS

Area Percent Report

Page [ of | Data File: €:\ChromQuest\Projects\Defauit\Data\drugsiThermo LCE 10002 6-2-2009 2-28-08
PM.dat

Acquired: 6/2/2009 2:28:36 PM Printed: 10/22/2609
11:38:48 AM

Analyst: GSB

S D: sulfs ine/pyri U fe Viak: A61

4 Lt

Injection Volume: 10

1 ]
| |
:,
m oy rm 2
o= g |
{ 1Y !
S T |
I o~ Ll
g} b g o
! , ’ . |
0 5 10 15 2 - 0
Minutes
UV1000-254nm
Results (GSB
(6/2/2009
2:35:41 PM)
{Reprocessed)
{Aborted Run))
Name Retention Time Area Area Percent Integration Codes
1.082 7112774 83626 SS
1.402 1165764 13.706 SS
3942 226935 2668 SS
phenol
Totals ] 1
8505473 100,000 |
Instrument Name: Thermo LC1 Software Version: Version 4.1
Acquisition Method: C:\ChromQuest\Projects\Defanit\Method\suifadoxine - pyrimethamine.met
Sequence: C:\ChromQuest\Projects\Defauit\Sequence\oxytetracycline.seq
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Area Percent Report

Page [ of [ Data File: €:\ChromQuestiProjects\Defanit\Data\drugsiFhermo LCL 16062 6-11-2669

2-32-29 PM.dat
Acquired: 6/11/2009 2:32:51 PM
16/22/2009 11:56:14 AM

Printed:

Analyst: GSB
Samptle ID: sul/pyr ref Viak: A61 Injection Volume: 16
Retention Time .
300 r30
13
|
1 3
100 - 100
0B
P o “xn
o4 B ro
s §
[ 5 0 5 = ]
Minifes.
UV1600-254nm
Results (GSB
(6/112009
:41:04 PM)
{Reprocessed)
(Aborted Run))
Name Retention Time Area Ares Percent [Intearstion Cades
0.073 26494 0303 BS
1.170 8479941 97.103 SB
3.542 163121 1868 BS
3968 63408 0.726 SS
phenol
PR [
8732964 100.006
Instrument Name: Thermo LC1 Software Version: Version 4.1
Acquisition Method: C:AChromQuest\Projects\Defanit\Method\suifadoxine - pyrimethamine.met
Sequence: C:\ChromQuest\Projects\Defauit\Sequence\oxytetracycline.seq
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Area Percent Report
Page [ of | Data Fife: €:\ChromQuest\Projects\Defaunit\Data‘drugs\Thermo LCL 16002 7-20-2069
10-41-44 AM.dat

ired: 7/20/2009 10:42:06 AM Printed:
10/22/2009 12:01:39 PM

Analyst: GSB
Sample ID: SUIpyrref DP1Cs0 Viak: A1 Injection Volume: 16
Retention Time
300 200
|
|
200 L 200
I
100+ 100
g ;
o~
w0
o] /A ° °
! 25
[ 5 10 5 2 2 £
Minutes.
UV1000-254nm
Results (GSB
(77202009
16:55:36 AM)
(Reprocessed)
{Aborted Run))
Name Befention ‘Time Area Area Percent Integration Codes
13875 10917895 92170 SV
2962 927539 7830 VS
phenot
i R i P B
31845434 100.000
Instrument Name: Thermo LE1 Software Version: Version 4.1
Acquisition Method: C:\ChromQuest\Projects\Default d\suifa - Py met
Sequence: C:\ChromQuest\Pi \Default\Seq ytetracycline.seq
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Area Percent Report

Page | of | Data File: €:\ChromQuest\Projects\Defauit\Data\drugsiThermo LCL 16062 7-20-2609
10-56-57 AM.dat

Acquired: 7/20/2009 19:57:18 AM Printed:
16/22/2009 12:00:45 PM

Analyst: GSB
Sample ID: SULpyrref D1Ss0 Viak: A01 Injection Volume: 10

oo 8.8 8
g

g

UV1000-254nm
Results (GSB
(77202009
15:03:59 AM)
(Reprocessed)
(Aborted Run))

Name Re ion Time Area Area Percent Integration Codes

1.906 11195492 92038 SV
3.168 968529 7962 VS

phenol

o I [ el sooooo |

Instrument Name: Thermo LE1 Software Version: Version 4.1
Acquisition Micthod CACE Quest\Projects\Defauit! dwnifadoxine - pyri i
Sequence: C:\ChromQuest\Projects\Default\Sequence\oxytetracycline.seq
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Area Percent Report
Page | of 2 Data Fife: €:\ChromQuest\Projects\Defauit\Data\drugs\Fhermo LCE 10062 7-26-2009
3-54-40 PM.dat

Acquired: 7/20/2009 3:55:81 PM Printed:
16/22/2609 12:23:53 M

Analyst: GSB

Sampie 1D: fancidar dis ves 2 Viak: A09 Injection Volume:
}0,

I
|
|
{
}
i i—rw
E
%
le
: : . : =
10 15 20 25 20
Minites
UV1000-254nm
Results (GSB
(7/20/2009
4:03:58 PM)
{Reprocessed)
(Aborted Run))
Name Retention Time Area Area Pércent Integration Codes
2023 10516241 96803 BS
3.408 - 40268 0371 SS
3508 22993 . 0212 S8
3.568 22152 0204 SS
3.628 35051 0.323 S§§
3.728 17738 0.163 SS
3782 21236 0195 SS
3895 {7653 0.162 S8
3.955 15022 0.138 SS
4.008 17891 0.165 SS
4.075 24939 0.230 SS
4228 24009 9221 SS
4342 27587 0.254 S8
4.495 60818 0.560 SS
phenol
instrument Name: “Thermo 1.C1 Software Veuwlr Vm 4.1
Acquisition Method: C:\ChromQuest\Projects\Default\Method'sulfadoxine - et
Sequence: { & \Chmeuat\m;ecu\DehnR\Seqpence\oxytmcycﬁne.leq
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Area Percent Report
Page | of [ Data File: €:\ChromQuest\Projects\Defauit\Data‘\drugs\Fhermo LCL 10062 7-26-2009
11-27-59 AM.dat

: 7/20/2009 11:28:20 AM Printed:
10/22/2009 12:21:43 PM

Analyst: GSB
Sample 1D: SUlpyrref dlcc Yiak: A6 Injection Yolume: 16

Retention Tuﬁ

C3aTT

o
1809
‘
‘
!
|
(=}

UV10600-254nm

Results (GSB

(712072009

11:37:41 AM)

(Reprocessed)

(Aberted Run))

Name Retention Time Area Area Percent Integration Codes

1.909 11725066 92231 BV
3177 987665 7769 VS

phenol

[rm ! I 12712733 I mo.ooo]

Instrument Name: Thermo LC1 Software Version: Version 4.1
Acauisition Method CACH Quest\Projects\Defaulty Penifaduxine - pyr i
Sequence: €:\ChromQuest\Projects\Default\Sequence\oxytetracycline:seq
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Area Percent Report

Page | of | Data File: €:\ChromQuest\ProjectsiDefauitiData\drugs\Fhermo LCL 16602 7-26-2609
2-34-13 PM.dat

Acquired: 7/20/2009 2:34:35 PM Printed:
-10/22/2009 12:19:24 PM
Analyst: GSB
Sampie ID: palidar dis ves 4 Viak: A06 Injection Volame:
w.
: Rmﬂn"ae i
10 L1s0
100 3 w0
A H
f
50+ -50
=
i o .
of (& - °
: : : ’ |
o 5 10 15 2 5 0
Minutes
UV1000-254nm
Results (GSB
(7/20/2009
2:42:03 PM)
{Reprocessed)
{Aborted Run))
Name Retention Time Area Area Pércent Integration Codes
2022 7076779 -« oR 403 SS
3375 65919 0917 SS
3770 15833 0220 S8
3.842 16012 0223 SS
3.968 17088 0.238 S8
phenol

Emh l 1 7191631 1 1000001

Instrument Name: Thermo LC1 Software Version: Version 4.1
Acquisition Method CAChromQuest\Projects\Defanit\Method\suifadoxine - pyri ine.met
Sequence: -C:\ChromQuest\Projects\Defauit\Seq \oxytetracycli q

- - ——
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Area Percent Report

Page | of | Data File: €:\ChromQuest\ProjectsiDefauitiData\drugs\Fhermo LCL 16602 7-26-2609
2-34-13 PM.dat

Acquired: 7/20/2009 2:34:35 PM Printed:
-10/22/2009 12:19:24 PM
Analyst: GSB
Sampie ID: palidar dis ves 4 Viak: A06 Injection Volame:
w.
: Rmﬂn"ae i
10 L1s0
100 3 w0
A H
f
50+ -50
=
i o .
of (& - °
: : : ’ |
o 5 10 15 2 5 0
Minutes
UV1000-254nm
Results (GSB
(7/20/2009
2:42:03 PM)
{Reprocessed)
{Aborted Run))
Name Retention Time Area Area Pércent Integration Codes
2022 7076779 -« oR 403 SS
3375 65919 0917 SS
3770 15833 0220 S8
3.842 16012 0223 SS
3.968 17088 0.238 S8
phenol

Emh l 1 7191631 1 1000001

Instrument Name: Thermo LC1 Software Version: Version 4.1
Acquisition Method CAChromQuest\Projects\Defanit\Method\suifadoxine - pyri ine.met
Sequence: -C:\ChromQuest\Projects\Defauit\Seq \oxytetracycli q

- - ——
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Area Percent Report

Page [ of | Data File: €:\ChromQuest\Projects\Defauit\Data\drugsFhermo LCE. 10002 7-20-2609
11-48-57 AM.dat

Acquired: 7/20/2009 11:49:19 AM Printed:
16/22/2009 12:22:19 PM

Analyst: GSB
Sampie tD: SUEpyrref diss Viak: 461 Injection Yolume: 16
Retention Time ]
; F2m ;
05 » L 100
| i ;._ [
o\ f
° Lo - {0
T ¥ T T i
o 5 1 5 = % k-
Minutes.

UV1600-254nm

Results (GSB

(7720/2009

11:57:54 AM)

(R

(Aborted Run))

Name Retention Time Area Area Percent Integration Codes

1.910 11588397 91930 BV
3.195 1017267 8070 VS

phenot

i f | f |
12605664 100.000

Instrument Name: Thermo LC1 Software Version: Version 4.1
Acquisition M CAChromQuest\Projects\DefanitiMethod\sulfadoxine - pyri ine.met
Sequence: €:\ChromQuest\Projects\Default\Sequence\oxytetracycline.seq-
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Area Percent Report

Page | of [ Data File: €:\ChromQuest\Projects\DefanitiData\drugs\Thermo LCL 16602 6-11-2609
2-57-04 PM.dat

Acquired: 6/11/2009 2:57:25 PM Printed:
10/22/2069 11:55:33 AM
Analyst: GSB
Sampe £D: sub/pyr fmedriech} Viak: A02 Injection Vobume:
10
! }
i Retention Time |
20 | L200
[
ES L 1o0
g |
=
” -t |
- t
ef ~= = §F e
- J
0 5 10 15 20 25 30
Minites.
UV1000-254nm
Results (GSB
(6/11/2009
3:04:38 PM)
{Reprocessed)
{Aborted Run))
Name Retention Time Area Area Percent [Integration Codes
1163 5259896 98355 SS
-4.078 72759 1361 BS
4341 15240 0285 SS
phenol
Totals ‘ ‘ 1 '{
5347895 | 100.000-
Instrument Name: Thermo LC1 Software Version: Version 4.1
Acquisition Method: CACH Quest\Projects\Defautt doulbidesiue s imttined
Sequence: C:AChromQuest\Projects\Default\Seq \oxy ycline.seq
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Area Percent Report

Page | of I Data File: €:\ChromQuest\Projects\DefanitiData\drugs\Thermo LCT. 10062 7-26-2609

12-47-26 PM.dat
Acguired: 7/20/2009 12:47:47 PM Printed:
16/22/2009 12:14:46 PM
Analyst: GSB
Sampie tD: Medreich dis ves | Viak: A92 Injection Yolume:
10
f
:n:‘ Retention Time 300
]
|
z:oi | 200
i
I z
100 -100
A
| !
0 5 12 15 2 - 30
Minutas
UV1600-254nm
Results (GSB
(772072009
12:55:23 PM)
-{Reprocessed)
(Aborted Run))
Name Retention Time Area Ares Percent Integration Codes
2.025 11667390 95904 SV
3922 117024 0962 VS
4162 3822 3134 SB
phenol
e I 1 l 'l 4
12165686 100.000
Instrument Name: Thermo LC1 Software Version: Version 4.1
isition Method: CACH Quest\Projects\Defanits douliindesine - serisethaud
Sequence: -C:\ChromQuest\Projects\Defauit\Seq \oxy yeli q
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Area Percent Report

Page [ of [ Data File: €:\ChromQuest\Projects\DefauitiData\drugs\Thermo LCE 10002 7-26-2609

12-38-52 PM.dat
: 7/20/2089 12:39:13 PM
16/22/2669 12:09:37 ¥M

Analyst: GSB
Sampie 1D: Medreich dis ves 1
10

Viak: A92

Printed:

Injection Volume:

Refention Time

8

]

o

UV1000-254nm
Results (GSB
(7/20/2009
12:46:42 PM)
{Reprocessed)
(Aberted Run))

Name Retention Time

Area

gl
8

Area Percent Infegration Codes

2,022
3.748

phenot

11564019
543038

95515 BV
4485 VS

e |

12107057 I

100.000 f

Thermo LC1
€\C

Instrument Name:
Acquisition Method:
Sequence:
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Software Version: Version 4.1

i met

C:\ChromQuestiProjects\Defaulf\Sequence\oxytetracycline.seq
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