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ABSTRACT

Incidence of malaria in the Central Region of Ghana was investigated to

determine age group and sex vulnerability as well as the parasite species

distribution, haemoglobin status of patients and herbs used in treating the disease.

Four Hospitals were used as study centers namely, Cape Coast District Hospital

and the University of Cape Coast Hospital constituting the coastal zone; Saint

Francis Xavier Hospital at Assin Foso and Our Lady of Grace Hospital at Breman

Asikuma forming the forest zone.

Microscopic examination of thin blood smears of the patients examined

revealed high malaria incidence rates of 34.4% and 26.9% of coastal zone and

forest zone respectively. Generally, children up to 10 years old and females were

more vulnerable to the disease. In the forest zone, older females were more

vulnerable. Plasmodium jalcipanlm was the most prevalent malaria parasite

(>90%) infecting people in the region. Few cases of P. malariae, P. ovale and

mixed infection of P. jalcipanml+ P. malariae were recorded. P. vivax was not

encountered. The most predominant erythrocytic stage identified was trophozoites

(92.1 %) and few (7.9%) gametocytes and schizonts observed.

The haemoglobin levels of patients decreased with increase III

parasitaemia and subsequently anaemia with haemoglobin levels <II g/dL.

A total of 89 plant species distributed into 41 families was documented as anti

malaria plants in the region. Among these, 60 species in 36 families were

mentioned for the first time as anti malaria plants. All the plants recorded in this

study were reported to be abundant except one species.
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CHAPTER ONE

INTRODUCTION AND LITERATURE REVIEW

Background

Malaria is a major global public health problem especially in developing

and underdeveloped countries and has been recognized as an important parasitic

disease of humans for centuries (WHO, 1996; 1997). Despite the introduction of

control programmes in many parts of the world over the past decades, impact of

malaria on human populations continues to increase more especially throughout

much of the tropics and subtropics (WHO, 1998; de Souza and Riley, 2002;

Sachs, 2002; Sachs and Melaney, 2002; Koremomp el al. 2003).

Estimates suggest that about 1.5 billion persons live in areas of the world

where malaria is an endemic disease (WHO,I 998; Garvey, 2006), and the number

of infected humans exceeds 500 million (Oaks el al. 1991; WHO 2000b; MV!,

2003a; Mercola, 2004). About 1.5 - 2.7 million persons die from malaria each

year (Cheng, 1986; WHO, 1996; 1997; 2004; MYI, 2002; Ahorlu el al. 2006) and

a child dies every 15 - 20 seconds (Oaks el al. 1991; WHO, 2000b; Mercola,

2004; MY!, 2003b; Garvey, 2006). The effect of the disease threatens public

health productivity on a broad scale and impedes the progress of many countries

toward democracy and prosperity (Oaks el al. 1991; Lederberg el at. 1992; MV!,

2002; Sachs and Melaney, 2002). Young children and pregnant women are more
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vulnerable to the disease. Expectant mothers are more susceptible and may suffer

miscarriage or premature labour. Malaria also poses a risk to travelers and

immigrants and Goodman et al. (1999) reported that imported cases were

increasing in non-endemic areas.

As indicated earlier, malaria has immense global importance. It is the most

prevalent vector-borne disease in the world threatening some 2.4 billion people

constituting 40 percent of the world's population (MYI, 2002; Sachs and

Melaney, 2002). Malaria has many manifestations and its iI?pact varies depending

on the epidemiological setting. As shown in figure I, the disease exists in five

continents (Folasade, 2003), and involves about one hundred countries but is

mainly confined to poorer tropical areas of Africa, Asia and Latin America,

certain Carribean Islands, Islands of the South, West and Central Pacific Ocean

and Turkey (Folasade, 2003). Malaria generally occurs in areas where

environmental conditions allow parasite multiplication in the vector. Thus,

malaria is usually restricted to tropical and subtropical areas and altitudes below

1,500 metres. However, this distribution might be affected by climatic changes,

especially global warming and population movements. Both Plasmodium

falciparnm and P. malariae are encountered in all shaded areas of the map (with

P. falciparnm by far the most prevalent). P. vivax and P. ovale are traditionally

thought to occupy complementary niches, with P. ovale predominating in Sub

Saharan Afiica and P. vivax in other areas (Crutcher and Hoffinan, 2003).

More than 90 percent of malaria deaths occur in Tropical Afiica and P.

falciparnm is the main cause of severe clinical malaria and death (TDR, 1997;

2



MYI, 2002). The public health importance of malaria in Africa is evidenced by

the degree of morbidity and mortality among children. and pregnant women

throughout tropical Africa (Greenwood et al. 1987; 1991; WHO, 1992; 2000a;

Binka et al. 1994; Afari et at. 1995; Goodman et at. 1999) with about 800,000 of

African children dying every year (MYI, 2003b; GPRS II, 2005; Garvey, 2006).

Fig. 1: Global distribution of malaria.

(Source: Centers for Disease Control and Prevention, 2004)

Plants have provided man with all his needs in terms of shelter, clothing,

food, flavors and fragrances as well as medicines. Plants have formed the basis of

sophisticated traditional medicine systems, which have given rise to some

important drugs in use today (Gurib-Fakim, 2006). In Africa, the practice of

traditional medicine still requires considerable improvement when compared with

3
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situations in India and China. The increasing debt of African nations and the

increasing cost of modem health care make the role of traditional healthcare

delivery more important to the African population which lives in rural areas

(Sofowora, 1993). Even people in the urban areas and from the developed

countries go back to nature for their health care. The recent trends and

de\'elopment in medicinal plant research and development of traditional medicine

in Africa, are based on the sound recognition of the role that traditional medicine

is already playing in health care programmes in most developing countries

especially in Africa, Asia and Latin America.

Malaria disease has become very critical and widespread and one of the

main reasons for this is that the anti-malarial drugs, including chloroquine, are no

longer effective against the disease as their efficacy have ·been decreased by the

spread of drug-resistant strains of the parasite. This loss in efficacy has been a

major barrier to the treatment of malaria and has posed an urgent challenge to

discover new anti-malarial drugs especially in plants.

The WHO and UNICEF in 1978 as cited by Oh:u-Ampofo (1992), gave

recognition to the peculiar circumstances regarding traditional medicines and

healthcare delivery. These organizations resolved among other issues that member

states should initiate comprehensive programmes for the identification,

evaluation, cultivation and conservation of medicinal plants. This makes the

inclusion ofplant inventory in the study ofdiseases imperative.

4
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Tbe Disease and Symptoms

Four species of the genus Plasmodium: P. ovale. P. jalciparum, P. malariae and

P. vivax infect humans and cause malaria. The symptoms of malaria are very well

known and have been dcscribed by various authors (eg. Russell et af. 1963;

Schmidt and Roberts, 1985). According to these authors the classical malarial

fever has 3 stages. Cold stage (shivering) lasts for 2 hours; hot stage lasts for 3-4

hours and sweating stage lasts for 2-4 hours. These symptoms occur at regular

intervals i.e show periodicity. Periodicity becomes apparent only after the first

few days of illness and depending upon the species it could be tertian (every 2nd

day for vivax, jalciparum and ovale) or quartan (every 4th day for malariae).

However, these clinical symptoms are not present in many patients who have the

infection. Malaria, especially the type caused by P. jalciparum is a very variable

disease mimicking many other conditions such as typhoid, meningitis, and

gastroenteritis etc (Trampuz et af. 2003). Symptoms due to malaria depend upon

the age, immune status, intensity of transmission and prevalent species of malaria

parasite. In those living in non-endemic areas, symptoms are very vague because,

most of the people are non immune. The disease often presents like flu. Presence

of rigors and a rapid increase in temperature is an indicator of the possibility of

malaria. In those living in endemic areas, the attacks are modified by immunity.

Fever is often intermittent and may have periodicity. In children, fever due to

malaria is variable and has no periodicity. It is mostly irregular, may be high and

continuous or low grade. Other manifestations in children are pallor, nausea,

vomiting, and refusal of feeds, lethargy, restlessness, headache, diarrhoea and

5
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unproductive cough (Russell e/ al. 1963; Schmidt and Roberts, 1985; Stauffer and

Fischer, 2003; Wattanakoon e/ af. 2003). Severe fonns of malaria are seen with P.

falciparum species which can progress to potentially fatal fonns with central

nervous system involvement (cerebral malaria), acute renal failure, severe

anaemia (Annab e/ al. 2007), or adult respiratory distress syndrome or pulmonary

edema, inability to sit up without help, impaired consciousness, seizures,

circulatory collapse, abnonnal bleeding, jaundice, haemoglobinuria or severe

anaemia (haemoglobin less than 5.0 g/dL, or hematocrit less than 15%). The

following symptoms have also been described by the above authors: Prostration

and altered consciousness occur frequently in both children and adults with severe

disease. Respiratory distress, seizures and severe anaemia are more common in

children, whereas renal failure and jaundice occur more frequently in adults.

Acute respiratory distress syndrome, an immune-mediated complication, often

occurs during the second to fourth day of treatment, even when parasitaemia is

decreasing. Severe malaria usually occurs with parasitaemia of 5% or more, and

even with optimal management, the mortality rate exceeds 20% (Russell e/ al.

1963; Schmidt and Roberts, 1985; Stauffer and Fischer, 2003; Wattanakoon e/ af.

2003). At highest risk of complications from malaria are non-immune people,

children and pregnant women who live in endemic areas. Complications generally

involve the central nervous, pulmonary, renal and hematopoietic systems.

Hypoglycemia occurs because of parasite consumption of glucose and treatment

with quinine could also be a factor. Another common metabolic derangement

associated with the disease is acidosis. Bacterial infection may occur as a

6
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complication of malaria itself (e.g., aspiration pneumonia). One of the most

serious complications is cerebral malaria, manifested by altered level of

consciousness, focal neurologic findings and seizures. Mortality is high (15% to

25%), and sun~vors may have residual neurologic deficits (WHO, 2000c). Severe

malaria occurs when P. jalcipanwz infections are complicated by serious organ

failures or abnormalities in the patient's blood or metabolism (Boi\~, 2002).

Complications of P. vivax malaria include splenomegaly (with, rarely, splenic

rupture), and those of P. malariae include nephrotic syndrome (Bruce-Chwatt,

1985; Aikawa, 1988; Greenwood el al. 1987; 1991; Garvey, 2006). Some of the

manifestations are severe vomiting and diarrhea, cerebral malaria, algid malaria,

hepato renal syndrome, black water fever and malaria shock lung (Banzai el al.

1999).

Malaria and Anaemia

Anaemia is a common manifestation of all types of malaria and poses a

problem for pregnant women and children (Kakkilaya, 2006). Anaemia in

malaria has been described as multifactorial. The causes include obligatory

destruction of red cells at merogony, accelerated destruction of non-parasitised

red cells which is a major contributor in anaemia of severe malaria, bone marrow

dysfunction that can persist for weeks, shortened red cell survival and increased

splenic clearance. Massive gastrointestinal haemorrhage can also contribute to the

anaemia of malaria (Kakkilaya, 2006). Anaemia therefore can be described as a

condition in which the red cells of the blood (erythrocytes) are reduced in number

7
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or volume or are deficient in haemoglobin, the oxygen carrying pigment. There

are about 100 different varieties of anaemia distinguished by the cause, the size

and haemoglobin content of the abnormal cells, and symptoms (The New

Encyclopaedia, 2003). In falciparum malaria, anaemia can develop rapidly due to

severe haemolysis and the degree of anaemia has been found to correlate with

parasitaemia and schizontemia (The New Encyclopaedia, 2003). Haemoglobin is

an iron-containing protein of the blood that binds oxygen in the lungs and

transports it to tissues in the body. Normal haemoglobin level of an individual is

relative to age, sex and even race (Crawley, 2004). In males, the normal

haemoglobin ranges from 14-16g1dL, and 12-14g1dL for females (Crawley, 2004).

Children may have severe anaemia even with low parasitaemia and in such cases

the reticuloendothelial cells exhibit abundant malarial pigments (Kakkilaya,

2006).

Modes of Transmission

All the four species of Plasmodium. the causative agent of malaria are

vector- borne and spread by anopheline mosquitoes (Coatney et al. 1971; Miller

et al. 1986). Inoculation is through the bite of infected blood feeding female

mosquito of the genus Anopheles which breeds in swamps and marshes (Brown,

1970) and other stagnant freshwater bodies. The mosquitoes transfer parasites

from human to human; however, male anopheles mosquitoes do not bite (TDR,

1997). About 60 species of mosquitoes are possible vectors for the disease

under natural conditions. Malaria can also be transmitted by blood transfusions

from infected persons and through contaminated needles and syringes. Blood

8



I
I
I
!
I
I
I
'I

,
i

'I
I
i

,I
I,
I
I
I
i
I
i
I

'I

I
i

malaria parasites. Malaria parasites can also be transmitted congenitally where

infected mothers transmit parasites to their children before or during birth (Riley

et af. 2000).

Life Cycle of Malaria Parasite

The life cycle of the malaria parasite alternates between the

mosquito vector, the intermediate host and humans, the definitive host

(Fig.2). These two hosts are also referred to as invertebrate and vertebrate

hosts respectively in view of the controversy regarding their status in terms

ofstage of the parasite's life cycle they harbour.

Malaria Parasite in Mosquito

When a female Anopheles mosquito bites a human host harbouring

malaria parasite, it ingests the parasites along with the blood meal. The asexual

forms are digested, while the mature sexual forms called gametocytes undergo

further development in the mosquito. In the male gametocytes the nucleus divides

into 4-8 nuclei, each forming thread like structures called microgametes. Female

gametocytes undergo maturation process and form macrogametes. In the

mosquito's stomach, microgamete fuses with the macrogamete (fertilization)

resulting in a product called zygote. Within 18-24 hrs, the zygote develops into a

long mobile worm-like form called the ookinete. The ookinete passes between

epithelial cells to the outer surface of the mosquito's stomach wall and becomes

rounded up into a small sphere called oocyst. The oocyst increases in size and the

nucleus divides repeatedly to form sporoblast. The divided nuclei of the

9
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sporoblast fonn elongated sporozoites and are released into the body cavity.

These sporozoites migrate to the salivary gland of the mosquito and are now

ready for transmission to human host. When the mosquito feeds on blood,

sporozoites are released into the bloodstream of the human host.

Malaria parasite in human

The parasite undergoes two distinct phases of development in the human body.

Exo-eIJ·throCJ1ic schizogoll)' or tisslle phase

Sporozoites inoculated by a mosquito into the human host circulate for

about half an hour during which many are destroyed by the phagocytes. Some

sporozoites enter the parenchymal cells of the liver and undergo a process of

development known as pre-erythrocytic schizogony. During pre-erthrocytic

schizogony (In P. falcipantnl and P. malariae,) sporozoites develop into

schizonts. In P.ovale and P. vivax, within 40-48 hrs, after an infective bite,

sporozoites shrink and fonn narrow cytoplasmic nm structures called

hypnozoites. Hypnozoites remain donnant in hepatocytes and then grow into

schizonts by a process known as delayed schizogony.

10



I
I
I
I
I

I
I

I

A .. lI'lIcdi'lt! !ib:l~

A II O~nl»ti:t!."Ige

Fig. 2. Life cycle of the Plasmodium parasite

Human Uv~r St3iJ(l''J

(Source: Centres for Disease Control and Prevention, 2004)

After about 6 to 16 days from the time of infection, mature schizonts

enlarge and burst to release thousands of merozoites into the blood. Merozoites

re-enter fresh liver cells and repeat the process of schizogony, thus causing

relapses of infection during the secondary exo- erythrocytic schizogony.

II



Erythroc)'tic schizogoll),

11erozoites released from the tissue schizont enter red blood cells (RBCs)

in five stages: i. Initial recognition and attachment. ii. formation ofjunction, iii.

creation of vacuole memberane continous \\~th the red cell memberane, iv. entry

into the vacoule through the mo\~ng junction, v. and sealing of the erythrocytes

after entry (Boampong et al. 2007).

After entering the erythocytes, merozoites assume rounded forms. These

youngest stages ofparasites in RBCs are rounded bodies \\~th annular appearance

called ring forms. The ring forms grow into irregular shapes called trophozoites.

The parasite lives on cytoplasm of the RBC, absorbing haemoglobin and leaves a

product of digestion, a pigment called haemozoin (combination ofhaematin \\~th

protein). After a period of growth, trophozoites di\~de asexually forming

schizonts by a process !mown as erythrocytic schizogony. Mature schizonts di~de

into small round forms called merozoites. When the process of schizogony is

completed the red blood cell bursts, releasing the merozoites into the blood

stream. They invade fresh erythrocytes and repeat the erythrocytic schizogony

cycle. After several rounds of erythrocytic schizogony, some merozoites develop

into sexual forms, the gamaetocytes. The number of gametocytes increases \~th

increasing number of erythrocytic schizogony. According to Brown (1970), after

a human accumulates a billion or more ofPlasmodium indi\~duals, the production

ofgametocytes begins and the human now may infect mosguitoes.

12
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Diagnosis

T\yo main approaches are used in diagnosing malaria, namely microscopic and

non-mic~scopic.

:\Iicroscopic diagnosis

A. Blood films

Malaria is diagnosed by making blood smears stained with Giemsa and

examining through microscope using 100x oil immersion objective. Microscopy

is sensitive, can detect densities as low as 5-10 parasites per microlitre of blood.

When parasites are found, their species and circulating stage can also be seen.

Examination of a thick blood film as the first step has the advantage of

concentrating the parasites by twenty folds although parasites may appear

distorted. This is the one for quantification. The presence of the parasite relating

to the severity ofparasitaemia is reported as:

+ = 1 to 10 parasites per 100 microscopic fields;

++ = 11 to 100 parasites per 100 microscopic fields;

+++ = 1 to 10 parasites per 1 microscopic field;

>++++ = more than 10 parasites per 1 microscopic field.

Thin blood film examination affords the clear identification and stage of

the parasite species in\'Olved (Gilles and Warell, 1993).

13



r
I
I,
i
I

B. Buffy coat (QBC; Becton Dickinson) method.

This involves centrifuging the patient's blood in ·special capillary tubes

precoated with Acridine Orange (OA). A small precision moulded plastic float

presses the parasitized red cells against the wall of the tube where they can be

viewed by ultra violet light microscopy. The sensitivity of this method is claimed

to be very high however the young trophozoites of P. falcipantm and P. vivax

cannot be distinguished with any degree of certainty and that confirmatory blood

fihns should be examined.

In recent years however, a number of techniques have been employed for

the diagnosis of human malaria.

Non-microscopic diagnosis

A. Detection by Polymerase Chain Reaction (PCR)

This method uses a non isotopically labeled probe following PCR

amplification. It is possible to detect less than ten parasites per 10 microlitre of

blood and may prove to be a valuable addition to the examination of blood fihns

for the diagnosis and speciation ofmalaria.

B. The fluorescent antibody test for malaria

Antibodies to malaria can be detected using enzymatic lrnmunoassays or

immunofluorescence techniques. The antibodies to the asexual blood stages

appear days to weeks after the infection and may persist for months. The method

14



I
'!

'!

I

is very useful in survey work and for screening blood donors. It also reduces

wastage. However, it is of little value in the acute malaria situation.

C. Detection by ICT-Malaria PC and; OptiMAlr and Kat-Quick kits

ICTmetbod

The method is based on the principle of the detection of plasmodial

histidine rich protein-2 (pfHRP-2). The protein is a constituent of the knobs on

the memebranes of red blood cells which are infected by Plasmodiumfalcipanlm

and makes use of primary and secondary antibodies specific for the PfHRP-2

antigens which are attached to a paper strip. One of the antibodies is coupled to a

colloidal gold and applied to where blood sample is to be applied. The secondary

antibody is fixed elsewhere on the strip in a band where test result is read. A

positive blood sample when applied forms an antigen-antibody complex yielding

a clear purple band on the strip. The test has 90-95% sensitivity for parasitaemia

of more than 100 parasites per microlitre ofblood.

OptiMAlr metbod

The "OPtiMAL" test is based on the detection of parasite specific lactate

dehydrogenase (pLDH), which is present in P. falciparum infections. It consists

of a dipstick coated with monoclonal antibodies to pLDH. Differentiation of the

parasite species is based on antigenic differences between various pLDH

isoforms. The pLDH is only produced by live parasites and also by gametocytes.

Specificity and sensitivity of the test varies depending on the erythrocytic stage
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and may be positive by the presence of circulating gametocytes even when

patients have been clinically cured oftrophozoites and schizonts.

D. The dipstick method

The method has the potential of enhancing the speed and also the accuracy

of diagnosing P. falcipan1111, the dipstick kit is found to be very useful for

screenina or confirmatory tests especially when there is difficulty in identifYing
~ .

scanty ring forms in blood films. However, dipstick methods are unable to

indicate parasite load. The potential problem with this method is that the

circulating antigen may be detected for many days after the elimination of viable

parasites from circulation.

Problems with diagnosis and cure

The popular use of self medication as a first choice of action for treating

malaria hampers the effective and efficient diagnosis and treatment of the malaria

disease (Swartout, 1951; Adasi, 2005). Parasites tend to develop resistance to low

dosages of drugs and poor time management. They also hide "in the tissues and

are not seen in peripheral blood making it difficult for diagnosis and effective

treatment. Particularly in Ghana, a major obstacle to effectively implement the

WHO malaria control strategy is due to the inappropriate and inadequate doses of

anti-malarials given at home. The final recourse after the sickness has failed to

respond to home treatment is the formal sector (Ahorlu et al. 1997), and this

results in delays in effective treatment and development ofdrug resistant strains.
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Plants as sources of anti-malarial drugs

Herbs are effective in disease prevention as well as cleansing the body of

harmful substances. All human beings need some help for their many diseases and

illnesses and this help comes from nature-herbs (Abukari-Sadik, 2007).

Out of the six tropical diseases of WHO's a IDR programme, malaria is

the one that takes the largest toll of human life in Africa (Sofowora, 1993) this is

due to the resistance of the P. falciparum species to chloroquine in many

countries. This awareness has encouraged the increase in the search of anti-

malarials from African plants. As a result, new drugs and drug combinations are

needed. In some parts of the world where antimalarial drugs are failing due to

resistance, or are not available to everyone, people often turn to traditional herbal

remedies instead. The development of medicinal plants of Africa will naturally

encourage more trading in the commodity and is necessary therefore, for

quantitative pharmaocognostical analysis to be carried out on some African

medicinal plants and to recommend standards to be used in their quality control

(Sofowora, 1993).

Within the context of traditional practice, malaria (and/or malaria

symptoms) is commonly treated by decoctions or infusions from bitter plants and

are all derivatives from quinine, a substance which is extracted from the bark of

the cinchona tree which is native to South America.

A number of medicinal plants abound in Ghana's flora and most of them

are used in the crude form and in various doses. Some are used whole, crushed,
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powdered forms, decoctions, dried extracts, infusio~s, poultices and tinctures.

Many of these plants have already been investigated and they are being used

while many more are yet to be scientifically investigated. The formal

documentation of Ghana's herbal heritage has been lacking (Oku Ampofo, 1992)

Ghanaian medicinal plants have been passed on over the years through

oral traditions from one herbalist to another. In the midst of the rapid destruction

and degradation of our environment, the loss of useful medicinal plant species is

obvious. The passing away of the custodians' knowledge and the lack of

documentation pose a threat to Ghana's traditional medicine heritage. Thus, it is

worth documenting the ethnobotanical data, and testing the antiplasmodial

activity of the extractives from plants (Randrianarivelojosia et al. 2003), and in

Ghana, it is very incumbent on Ghanaian scientists and laymen to document

information on various medicinal plants, most importantly on anti-malarials, since

malaria kills about 15 people each day in Ghana (Dr. Azeez, D.C.C. Hospital,

Pers.communication). This documentation therefore should consider the

distribution, status and conservation for posterity.

In this study therefore ellino-botanical data was compiled in the Central Region of

Ghana on plants which are used as anti-malaria drugs.

Malaria situation in Ghana

In Ghana malaria is the single most important cause of mortality

especially among children under five years and pregnant women (Adasi, 2005;

Ghana Ministry of Health, 1999; GPRS II, 2005). In 2002, malaria was estimated
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to account for 44.5% of all out patient illnesses and 36.9% of all admissions and

13.2% of all deaths in health facilities in the country (PCI, 2003; GPRS 1,2001;

GPRS II, 2005). The disease is responsible for a substantial number of

miscarriages and low birth weight babies (GPRS II; 2005). It is estimated that a

single bout of malaria costs an amount equivalent to over 10 working days in

Africa. According to GPRS II (2005), malaria in Ghana ac.counts for a significant

portion of the disease burden, causing about 10.6% of lost Disability Adjusted

Life Year (DALY) and costing an equivalent of about 3% of GDP annually in

economic terms. The cost of treating a single bout of malaria stands at $39.

Ghana's infants, child and maternal mortality are among the worst 25% of all

countries in the world. Malnutrition and the preventable childhood diseases of

malaria, measles, pneumonia and diarrhoea claim the lives of 70% of children

who die before the fifth birthday each year. Studies conducted by Dugbartey et

al. (1998) concluded that the long-term emotional and cognitive effects of malaria

infection in non migratory Ghanaian adults without a lifetime medical diagnosis

of malaria showed the presence of an enduring but albeit sub-clinical, mixed

anxiety depression syndrome after medical recovery from falcipantm malaria. A

community study in Ghana by Mitchell et al. (1986) revealed that malaria may be

a risk factor for psychiatric morbidity and is also concerned with socio-cultural

determinants of childhood morbidity and mortality. About 27 % of untreated

cases develop permanent neurological damage (Koram et al. 2003). Owusu-Agyei

et al. (2000) reported that in Kintampo area the incidence of clinical malaria (any

level of parasitaemia with recorded fever or reported fever) was high with about

19



eight episodes per child per year among children under five years. More than

50% of all children less than 10 years were anaemic (haemoglobin level <I IgldL)

with the prevalence ofsevere anaemia (haemoglobin <8g1dL being (12%). Severe

anaemia resulted from repeated episodes and affected the growth and intellectual

development of the child (Koram el al. 2003).

Treatment and preventive methods in Ghana

An effective treatment for malaria was known long before the cause of the

disease was understood. The bark of the cinchona tree, whose most active

principle is quinine, was used to alleviate malarial fevers from 1700 until World

War II, when more effective, synthetic drugs were developed.

An effective treatment for malaria in Ghana is by chemotherapy. Chief

among the drugs are chloroquine, primaquine, pyrimethamine, artesunate and

amodiaquin, all of which can destroy the malaria parasites while they are living

inside red blood cells. CWoroquine and related drugs could wipe out the

Plasmodial infection entirely until recently when strains of the parasites

malaria in Ghana Popular among the rural areas where health facilities are not

Amodiaquin is being used to treat the disease. Due to ,videspread poverty,

various parts of different plants serve immense purpose for the treatment of

available, infusions and concoctions prepared from many different plant parts

Currently, combination of drugs like Artesunate-developed resistance.

However, since malaria disease mimics a variety of other ailments, some people

serve as rich remedy against the disease (Agyepong, 1992; Ahorlu el al. 1997).
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term it as spiritual and resorl to healing by Divine intervention thereby causing a

delay in the diagnosis and effective trcatment of the disease which results in high

mortality rate.

Prevention of the disease is also of paramount concern in the country. The

basic methods of prevention are to eliminate the breeding places of Anopheles

mosquitoes by draining and filling marshes, swamps, stagnant pools, and other

large or small bodies of standing fresh water. DDT, dieldrin, and other less toxic

insecticides have proved potent in controlling mosquito populations in affected

areas. Window screens and treated mosquito netting are widely in use to secure

interior spaces from the mosquitoes, which are mainly active at night. Mosquito

repellent creams are also used as a protective measure.

Statement ofthe research problem

Efforts by the World Health Organization to eradicate malaria in

developing countries have so far proven unsuccessful. The growing problem of

drug resistant Plasmodium parasites makes adequate treatment of malaria

increasingly difficult. Hence more and more money continues to be spent to

develop new drugs to keep pace with the rate of development of new strains of the

parasite.

In the absence of functional, safe and widely available vaccine, efforts to develop

new strategies to attack the parasite are extremely important so that increased

incidence of the disease can be prevented. In view of the difficulty in eradicating

the disease, there is the need to conduct further studies to understand better the
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biology of the parasite, the epidemiology of the disease and alternative treatment

options. Research questions should therefore include the following:

i. What is the incidence rate of the disease?

ii. Are there any age and sex differences with regard to the incidence of the

disease?

iii. What is the dominant Pfasmodium species, and does the dominance exhibit

seasonal variation?

iv. Does the haemoglobin status of malaria patients vary in terms of parasite

density and gender?

v. What types of herbs are used in the treatment of the disease?

Justification

Ghana is a malarious country and being a developing one suffers a heavy

economic burden imposed by the disease. Further research into the malaria

disease wiII be of immense benefit to the global community as well as the tropical

regions where environmental conditions allow parasite multiplication in the

vector. Previous studies conducted on malaria all aiming at helping to control the

disease in various parts of Ghana include Commey, 1989; Meima, 1989; Adiama

et of. 1993; Afari et of. 1993; Konun elof. 1995; Wagner et of. 1998; McGuinness

elof. 1998; Kurtzhals et of. 1999; Dunyo et of. 2000; Riley et of. 2000; Afenyadu

et of. 2005; and Chandnunohan et of. 2005.

Two pre\~ous preliminary studies have shown that in the Central Re!!ion
. "

of Ghana, children under age of five and the productive age groups of 2 I-45 are
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the most vulnerable groups (Safoa-Appenteng, 1994; Ayirebi-Akomea, 1993).

This finding emphasizes the economic hardship that is brought to the nation by

the disease.

The Central Region of Ghana with its diversity of climatic conditions and

habitats is faced with more serious threat from the Plasmodium parasite and the

consequence of its treatable but deadly disease. The incidence in the region is

very high (J. Boampong, Pers.communication) thereby causing high morbidity

and mortality and rendering the youth unproductive. The frequent recurrence of

the disease among individuals has had a very bad effect on the economic

prosperity and thus compelling the Government of Ghana to brand the region as

the 4th poorest region in the country. It is therefore crucial to do further research

on the malaria disease in the region to compliment the effort of other health

workers to reduce the incidence of the disease thereby creating an environment

for sound health and vibrant economy.
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Study objectives

The main aim of the present study therefore was to gather information that will

contribute to enhanced understanding of the dynamics and the control of malaria.

The specific objectives were to:

I. investigate further the prevalence of malaria in the Central Region.

2. determine the incidence of malaria among the various age groups of

people in the Region.

3. identify the most prevalent Plasmodium species In the region and

determine its distribution in time and space.

4. identify the predominant stage of the parasite in human blood.

5. determine the haemoglobin status of malaria patients in the Region.

6. determine the types, distribution and status of plants used as antimalarials

in the Central Region of Ghana.
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CHAPTER TWO

MATERIALS AND METHODS

Study areas

The research was conducted in the coastal and forest zones of the Central

Region of Ghana (Figs. 3 and 4). The Cape Coast District Hospital and the

University of Cape Coast Hospital both with wide catchment areas represented

the coastal zone. The forest zone was represented by Saint Francis Xavier

Hospital at Assin Foso and Our Lady of Grace Hospital at Breman Asikuma.

These constituted the four study areas.

The Central Region covers an area of about 9, 826 square kilometre of

land in Ghana and is located along the littoral region of the country. It lies

between the major industrial and agricultural Western, Ashanti, Greater Accra and

Eastern Regions, which is bordered on the south by a coastline of about 160

kilometres (Fig. 3). It is located on latitude 6° 15 S and longitude 0° 30 N. The

region has twofold vegetation; the dry coastal savanna and the wet rain forest with

about one-tenth of the land mass forming various reserved forests some of which

have provided natural habiat for rare and exotic species of animals. The region

has a population of 1,593,823 and is the second most densely populated in the

country. It has growing rate of 2.1 % per annum. Central Region has a relatively

stable climatic condition with a bimodal rainfall pattern.
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The major rainy season occurs in April to July while the minor one occurs in

September to November. The Region also experiences high temperatures in

February and March while low temperatures are experienced in June and

August. Economic activities of the Region rests largely on traditional agriculture
.:,\

inland and small "scale fisheries along the coast.

Cape Coast District Hospital

The current Cape coast District Hospital was formerly the Central

Regional Hospital which dealt with all referral cases from the various district

and mission hospitals. The facility is situated in the heart of Cape Coast and is

very close to the sea. Currently, it is one of the four government health facilities

in the Cape Coast municipality in addition to a few private ones. The hospital is

strategically sited such that it takes care of a chunk of the entire population of

the municipality. The hospital also has a referring catchment population from

Elmina, Twifu-Hemang Lower Denkyira, Abura-Asebu-Kwamankese and

Mfantsirnan districts all in the southern zone of the Central Region. Cape Coast

is the capital of the Central Region and is also the seat of the Central Regional

Co-ordinating Council. The Municipality can boast ofnumerous educational and

fmancial institutions. It also hosts the regional and district offices for all the

government ministries. The main occupation of the indigenous people in Cape

Coast is fishing and trading. The town is densely populated along the beaches

where there are no proper houses for accommodation compelling people to
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mostly sleep in the open at night.

University of Cape Coast Hospital

This hospital was established at the University of Cape Coast to take care

of the health needs of the students, staff and their dependants and also as a

research centre for students of the University. Additionally, the hospital takes

care of the pupils of the university's basic and secondary schools and also has

patients' inflow from the several rural communities surrounding the university

as well as from the Cape Coast municipality. It is situated along the main Accra-

TaIcoradi highway facing the Atlantic Ocean in the south. Majority of the people

who patronize the facility are students and staff of the university. They live in

relatively clean environment and sleep in good rooms. The communities around

the University are quite overcrowded and inhabitants enjoy trading by taking

advantage of the overpopulated student community.

Saint Francis Xavier Hospital

St. Francis Xavier hospital was formerly known as Foso Catholic

Hospital established in the early 1950s. The hospital was initially being manned

by the District Council then transferred to Our Lady of Apostles Sisters followed

by the Dutch Lay Organization until in 1965 when it was entrusted to Sisters

Hospitallers of the Sacred Heart of Jesus, a religious sect in the Catholic Church

to date. The facility remains the district hospital for both Assin North and South

districts.
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St. Francis Xavier Hospital is situated at Assin Foso, the district capital for

Assin North and is located along the main Cape Coast - Kumasi highway. The

two Assin districts cover a land surface area of 2,375 square kilometres out of

9,500 square kilometres of the whole Central Region of Ghana. The hospital has

a catchment population of 207,000 and a referring catchment population from

Twifu-Hemang Lower Den1:yira, Abura-Asebu-Kwamankese, Asikuma-

Odoben-Brakwa, Ajumako-Enyan-Essiam and Mfantsiman districts. The people

ofAssin Foso and its environs are mainly peasant farmers and petty traders. The

youth are engaged mainly in the latter.

Our Lady of Grace Hospital

Our Lady of Grace is quite a recent christened name given to this

hospital. It was formerly called Breman AsiJ.-"UlIla Catholic Hospital. The

hospital is a property of the Roman Catholic Church and is manned by the

Sister's Hospitallers of the sacred heart of Jesus, a religious sect in the Catholic

Church. It is situated in Breman Asila1IIla, the district capital for Asil.."UlIla-

Odoben-Brahva district. The district is in the thick rainforest zone and farming

is the main occupation for the people. People living in the various villages

outside the district capital live deep in the forests \vith no proper housing.

Children walk long distances to and from school. The houses of most people in

the villages and the outskirts of the capital are built with mud and have open

eaves. The hospital has inflow of patients from allover the southern part of the

country because of an eye clinic facility.
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Collection of data from Out-Patients Departments

Monthly data were collated from the Out- Patients Department (OPD)

records on patients who were diagnosed as having malaria (Appendix I).

Records of patients whose symptoms were not explicit and were therefore

referred to the laboratory for confirmation were also obtained. This was done

from November 2005-0ctober, 2006 at all the four hospitals.

Slide preparation and parasite identification

About 20-30 malaria positive thick and thin blood smeared slides made

from peripheral blood were collected from each hospital monthly for twelve

months. The thin film parts of the prepared slides were already fixed in

absolute methanol to enable storage for a longer period. Slides were carefully

packed in slide boxes and transported to the Cape Coast District Hospital

laboratory where detailed studies involving staining, identification of species

and life cycle stages were undertaken.

Stock stain preparation

Giemsa powder weighing 3.8g was crushed in a mortar and 250 mls of

glycerol was added and mixed to form a uniform paste. The mixture was poured

into a dark bottle and 250 mls of methanol was added and kept at room

temperature for storage. The concentrated stain was diluted when needed. The

dilution was performed by adding one part of the stain to nine parts of Phosphate
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buffer of pH 7.2. This was the method adopted at the Cape Coast district

hospital laboratory.

Staining

Smeared slides were arranged on a staining rack. A part of the stock stain

was pipetted into a staining jar and diluted by a factor of Ipart of stain to 9 parts

of phosphate buffer (I in 10 dilutions). (Note: quantity of stain depended on

number of slides to be stained). A plastic teething pipette was used to flood the

slides with the stain, and were left for 25minutes at room temperature. The

slides were then drained of the stain and gently washed under running tap water

of pH 7.2 to get rid of all debris and artifacts. They were then arranged on a

drying rack to dry at room temperature. The stained slides were packed into

slide boxes and labelled according to study area and date.

Parasite identification

Identification of the malaria parasites was made using the Bench Aids

for the Diagnosis ofmalaria by Coatney et al. (1971) (plates I - 4).

A drop of immersion oil was added to both parts containing the thick and thin

films to minimize refraction and give a good contrast. Using the lOx eye piece

and 100x objective lens with the condenser iris partly opened, the thick film was

first examined to detect the parasites before the thin film was thoroughly

examined to identify the species and life cycle stages of the parasite present.
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Collection of blood samples for haemoglobin analysis.

The ball of the middle finger of malaria positive patients was wiped

clean with cotton wool soaked in 70% ethanol. A sterile lancet was used to prick

the finger ball and the first drop of blood cleaned. A capillary tube was used to

collect blood of about O.5mls into a test tube containing Drabkin's solution

(Appendix 5) nod stirred to mix well before using the automated haemoglobin

analyzer for reading. The work was carried out in each hospital for a period of

one month when 50-90 samples were obtained (Appendix 2). Each patient was

given a laboratory code for reference.

Types, distribution and status of anti-malarial plants

This aspect of the study was conducted using an interview guide

questionnaire (Appendix 3). The questionnaire was administered to 50 people

from each district. A cross-section of the people made up of herbalists/herbal

practitioners, medicinal plant vendors, pastors, traditional birth attendants,

chiefs, opinion leaders who are well known to be using herbs in treating diseases

in a particular district as well as individuals who seldomly use herbs as anti-

malarial drugs were interviewed. The sampling was therefore not random but

'directed" since the objective was to get the names and other relevant

information about the plants being used to treat malaria in the region.
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Plate 1: Life Cycle Stages ofP.falciparum. After Coatney et al. (1971)

Diagllostic Poillts:-

1. Red Cells are not elllarged.

2. Rings appear fine and delicate and there may be several ill one cell.

3. Some rings may have two chromatin dots.

4. Presence ofmarginal or appliqueforms.

5. It is unusual to see developingforms in peripheral bloodfilms.

6. Gametocytes have a characteristic crescent shape appearance. However,

they do not usually appear in the blood for the first four weeks of

infection.

7. Maurer's dots may be present
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1
I

l
I

I
I
!

Diagnostic Poillts:-

J. Red cells containingparasites are usually enlarged

2. Schuffner's dots are frequently present in the red cells as shown above.

3. The mature ringforms tend to be large and coarse.

4. Developingforms are frequently present.
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Plate 3: Life Cycle Stages ofP. malariae. After Coatney et al. (1971)

Diagnostic Points:-

1. Ringforms may have a squarish appearance.

2. Bandforms are a characteristic ofthis species.

3. Mature schizonts may have a typical daisy head appearance with lip to

ten merozoites.

4. Red cells are not enlarged.

5. Chromatin dot may be on the inner surface ofthe ring.
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Plate 4: Life C)'de Stages ofP. OJ'ale. After Coatney et al. (1971)

Diagnostic Points:-

1. Red cells enlarged.

2. Cometforms common (top right)

3. Rings large and coarse.

4. Schuffner's dots, when present, may be prominent.

5. Mature schizonts are similar to those of P. malariae but larger and

coarser.
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CHAPTER THREE

RESULTS

Incidence of malaria in the four hospitals

A total of 199,802 patients attended the Cape Coast District Hospital

(CCDR), University of Cape Coast Hospital (DCCR), Saint Francis Xavier

Hospital (SFXH) and Our Lady of Grace Hospital (OLGR) during the period of

study. The raw data are presented in Appendix 1 (A, B, C & D). Patients

diagnosed for malaria in the four hospitals were 57,105 giving an overall

incidence of malaria among the patients or reported O.P.D cases of malaria

patients as 28.6%. The incidence at the various hospitals is presented in Table I.

UCCH recorded the highest incidence (36.3%), followed by CCDH (32.4%),

SFXH (24.3%) and OLGH (19.5%) in that order. The mean incidence at the four

hospitals was 28.1 %.

Monthly incidence of malaria in the four hospitals

The monthly malaria cases in the 4 different hospitals are shown ill

figures 5 (a, b, c & d). At the CCDH the highest incidence of (43.0%) occuning

in August 2006 while the lowest (18.9%) was recorded in April the same year.

At UCCH, July 2006 recorded the highest incidence (42.7%) and the lowest
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(33.0%) occurred in April. At SFXH the highest (41.1%) and lowest (16.0%)

incidence were recorded in December 2005 and October 2006 respectively.

OLGH recorded the highest incidence (27.3%) in April 2006 and the lowest

(15.4%) in July the same year.

Table 1: Incidence of malaria in the four hospitals.

Hospital Total Number Total Number % Malaria
of Patients of Malaria Patients

Patients
Cape Coast
Dist. Hospital. 43,096 13,949 32.4
(CCDH)

University of 58,798 21,351 36.3
Cape Coast
Hospital. I·

" ~
(UCCH) .\,,
St. Francis 56,914 13,803

,
24.3 I,

Xavier 1'1

Hospital.
I I
I

(SFXH)
I",
',I·

Our Lady of ·40,994 8,002 19.5 I'

• IGrace Hospital. i

(OLGH)
,i
:'

TOTAL :i
:'

199,802 57,105 28.6
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The pooled data for the four hospitals showed December 2005 as the

month with the highest incidence (34.3%) while July 2006 recorded the lowest

(26.0%) (Fig.6).

N=S7,lOS
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Incidence of the disease in different age groups

A total number of 57, I05 patients of agc <1-70+yrs. were diagnosed as

having the malaria disease in the four hospitals during the period of study.

Incidence among the various age groups has been presented in (Fig. 7(abcd).

At the CCDH, age group 11-20yrs had the highest incidence rate of 23.60%,

while age group under Iyr had the lowest (5.3%). The rest were: 1-lOyrs,

18.0%; 21-30yrs, 19.0%; 31-40yrs, 12.1%; 41-50yrs, 9.0%; 51-60yrs, 6.1% and

61-70+,7.0%. UCCH diagnosed 21,351 patients as having malaria. The highest

incidence of 37.7% occurred in the age 21-30yrs throughout the study period.

Age group 61-70+yrs had the lowest incidence of 2.3%. Others were <Iyr.,

2.5%; 1-IOyrs, 10.7%; 11-20yrs, 12.7%; 31-40yrs, 20.5%; 41-50yrs, 9.8% and

51-60yrs, 3.8%. SFXH recorded the highest incidence among the age group 1-

lOyrs with a rate of 30.0% from a total of 13,803 malaria patients. The rest of

the age groups recorded the following: 21-30yrs., 13.1%; 31-40yrs., 11.4%; 11-

20yrs., 10.9%; <Iyrs, 10.3%; 61-70+, 9.6%; 41-50yrs, 8.6%; and 51-60yrs,

6.3%. OLGH diagnosed 8,002 patients to have malaria during the period of

study. The incidence were 20.1% among the 11-20yrs, 19.6% for 1-lOyrs,

16.0% for 21-30yrs, 10.2% for 31-40yrs, 9.2% for 61-70+yrs, and 8.9% for41-

50yrs, 8.8% for <I yr. and 6.5% for 51-60yrs respectively.
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It should be noted that the age distribution of malaria patients at UCCH

might ha"e been affected by the age structure of the University of Cape Coast

students who are the major patrons of the facility. In view of this apparent

unnatural distribution (Fig.7b) the subsequent analyses pertaining to age did not

include the UCCH data. Combined incidence of the disease among the various

age groups from three hospitals without UCCH indicated that age group l-IO

)TS. recorded the highest incidence rate of 23.0% in the region during the year

under review (Fig.8). The rest followed with 17.9% (l1-20yrs), 16.0% (21-

30)TS), 11.6% (31-40)TS), 8.8% (41-50yrs), 8.5% (61-70+yrs), 8.0% (Under I)T)

and finally 6.3% (51-60yrs) respectively. It should be noted that if the less than

I )T. group are added to the I-IO )TS. group then the children up to IO yrs old are

the most affected in the population.

Incidence of malaria among various age groups and sex

The results of malaria incidence organized according to age groups and

sex are presented in figure 9(A,B&C). At CCDH there were no clear-cut

differences in the incidence of the disease among the sexes in the various age

groups. At SFXH and OLGH incidence in the males appeared to be higher in

the younger population (up to lOyears) while the females generally recorded

higher incidence in the older age groups. By ignoring the UCCH data for

reasons indicated earlier and combining the results from 3 hospitals as sho\\n
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in figurc 10. it is c\'ident that the regional pattern (Afari ct af. 1993) is reflected

by the rcsults in the 3 hospitals scparately (see Fig. 9).

In figure II the sexes of malaria patients in the 3 hospitals were pooled

and presented separately. It is seen that females recorded higher incidence rates

than males in all cases- approximately 52% for both CCDH and OLGH, and

55% for SFXH (Fig.! I). The calculated Chi-square values were 20.982, 132.624

and 25.532 for CCDH, SFXH and OLGH respectively compared with 3.841 at

5% level. This indicates significant differences among the sexes.
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Fig. 8: Combined incidence of malaria in various age groups at

CCDH, SFXH and OLGH
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Distribution of Malaria Parasite Species

The distribution of Plasmodium species ill the region is presented

spatially and temporally below.

Spatial distribution ofPlasmodium parasite in three hospitals

A total of 1,016 malaria positive thin blood smeared slides were

examined to identify the various Plasmodium species and their stages found in

malaria patients. This was done over 12 months, January-December 2006. The

specimens were obtained from the Cape Coast District Hospital (CCDH),

University of Cape Coast Hospital (UCCH) and Saint Francis Xavier Hospital
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(SFXH) respectively. Our Lady of Grace Hospital (OLGH) could not provide

smeared slides due to under staffing problem at the laboratory. All slides were

stained and examined at the Cape Coast District Hospital because of the

availability ofspace, reagents, other working materials and equipment.

At the CCDH, out of 433 positive slides examined, 97.9% was

pJalciparum, 0.9% P. malariae, 0.2% P.ovale and 0.9% mixed infection of P.

jalciparum and P. malariae. The 285 slides examined from UCCH had 99.3%

P.jalciparum. 0.7% P.malariae. None of the other species was encountered. At

SFXH 294 slides examined had 94.9% PJalciparum. 3.0% P.malariae, 1.0%

P.ovale and 1.0% mixed infection of P. jalciparum and P. malariae. The

predominant malaria parasite encountered was Plasmodiumjalciparum (97.4%),

followed by P. malariae (1.5%), P. ovale (0.4%) and mixed infection from P.

jalciparum and P. malariae (0.7%) (Table 2).The overall representation of the

different species in selected areas of Central Region is illustrated using a pie

chart in Figure 12. Plasmodium vivax was not encountered during the study.

Monthly occurrence ofPlasmodium species in the three hospitals.

MontWy occurrence of the Plasmodium species in the 3 hospitals has

been tabulated in Tables 3-5. At all the three hospitals, P.jalciparum dominated

throughout the period of study. At CCDH, P. malariae was encountered in

January, May and November. P. ovale was seen only in January while mixed

infection occurred in January, July and September. At UCCH, P. jalciparum

also dominated throughout the months with only P. malariae occurring in May
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and September. Although P. fa/cipamlll still showed dominance at SFXH, P.

lIla/ariae occurred in more months as compared to CCDH and UCCH. P.

lIIa/ariae was encountered continuously from January-April and Octobcr -

November (Table 5). P. ovate was seen in January and March with mixed

infection occurring in October and November.
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D P. falciparum tI P. malariae D P. ovale 0 P. vivax • Mixed infection

Fig. 12: The combined spatial distribution of malaria parasites in the study

areas

Stages of malaria parasites in human blood encountered during the study

Erythrocy1ic stages of the various Plasmodium parasites identified have been

presented in table 6. A total of 1016 slides were examined from three of the

hospitals, namely CCDH, UCCH and SFXH. At CCDH, 433 slides were

microscopically examined. P.falciparum trophozoites occurred on 408 slides, 5

slides had trophozoites + schizonts, 13 had trophozoites + gametocytes totaling
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426 P. falciparum infccted slides. P. malar/ac occurred on 2 slides with all

stages, ic. trophozoites + schizonts + gamctocytes. Only the trophozoitcs stage

of P. omle occurred on I slide. Mixed infection of P. falc/parum + P. molar/ae

had only trophozoites on 4 slides. UCCH had 285 slides. P. falciparum

trophozoites occurred on 265 slides. Two slides had trophozoites + schizonts,

and 16 slides had trophozoites + gametocytes making a total of 283 P.

falcipanlm slides. There was I P. malariae trophozoites slide and I slide having

all stages of the same species. No P. ovale species and mixed infection was

recorded. Two hundred and ninety four slides were observed at SFXH. P.

falciparum occurred on 280 slides. Only P. falciparum trophozoites occurred on

246 slides, trophzoites + schizonts on 9, trophozoites + schizonts + gametocytes

on 24 and I with pigment. P. malar/ae had 5 trophozoites only, and 4

trophozoite + zchizonts + gametocytes. P. ovale had 3 slides presenting all the

stages. There were 2 mixed infections of P. falcipanlm + P. malariae having

only Itrophozoites.
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Table 5: Monthly occurrence of Plasmodium species at St. Francis Xavier

Hospital in 2006

Species

P. P. P.ovale P. vivax Mixed

Montb jalciparum malariae iltjeeliolt

Jan. 21 1 0 0

Feb. 21 2 0 0 0

Mar. 20 1 2 0 0 ,-
1\
.(

April 21 2 0 0 0 "u
"

May 23 0 0 0 0 'I
I

Jun. 23
,;

0 0 0 0 ,

July 23 0 0
.,

0 0 J
Aug. 23 0 0 0 0 :>,-n: '

:~

Sept. 23 0 0 0 0

Oct. 23 1 0 0 2

Nov. 32 2 0 0 1

Dec. 28 0 0 0 0
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Haemoglobin levels in malaria patients

The levels of haemoglobin in the malaria patients are presented below in

relation to parasite density as well as sex.

Haemoglobin levels in relation to parasite densit)' in the four hospitals.

Haemoglobin analysis was carried out on about 90 malaria patients from

each of the four hospitals and related to the parasite density of the patient

(Appendi.x 2). The results from the various hospitals have been illustrated in

Figs.13, 14, 15 and 16. At CCDH, mean haemoglobin levels reduced from 9.9

g/dL to 5.9 g/dL as parasite density increased from 1+ to heavy infection of 4+

(Fig. 13). UCCH recorded the lowest 9.5g/dL as haemoglobin level at 3+ but

slightly increased to I1.4g/dL at 4+ (Fig. 14). SFXH recorded IO.1g/dL as the

highest haemoglobin level at 2+ and reduced to a minimum level of 7.0g/d1 at

4+ (Fig. 15). At the OLGH, the haemoglobin level was highest at parasite

density of 1+ (8.8g/dl) and lowest at 3+ with a value of 7.2g/dL; no heavy

parasite density (4+) was observed (Fig.I6). In the four hospitals, pooled data

had haemoglobin levels reducing as parasite density increased (Fig. 17).

Haemoglobin level was highest at parasite density of 1+ (IO.Og/dL) and lowest

at 4+ with a value of 6.Ig/dL. Haemoglobin levels of 9.7g/dL and 8Ag/dl

occurred at parasite densities 2+ and 3+, respectively.
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Mean haemoglobin levels in male ani! female malaria patients

Haemoglobin levels of males and females from the various hospitals are shown

in figure 18 and compared using Students t-test statistical model. CCDH

recorded haemoglobin level of 8.8g/dL for males and 7.8g/dL for females.

Patients from SFXH recorded levels of 9.2g/dL and 8.9g/dL in males and

females respectively. OLGH also recorded a higher level of 8.3g/dL for males

and 8.0g/dL for females. On the whole haemoglobin levels reduced from 10g/dL

at low infection of I+ to 6g/dL at high infection of 4+. At UCCH, referred cases

used identity numbers instead of personal information on laboratory forms.

Hence sexes could not be obtained from the laboratory forms. The students't-test

analysis showed that the differences in the haemoglobin levels by sex of the

malaria patients in all three hospitals were significant (P= 5.938, 9.200, 5.256

for CCDH, SFXH and OLGH respectively as compared to 4.30 at 5% level.
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Types, distribution and status of plant species used as anti-malarials

Breakdown of respoudents to questionnaire

Respondents totaling 150 were interviewed using a questionnaire

(Appendix 3) and were distributed as follows:

Herbal practitionersNendors - 8%, Traditional birth attendants (TBAs) -6%,

Chiefs/Opinion leaders - 2%, general public-84%. The distribution according to

gender was: Females (54%), Males (46%). Respondents who have had some

level of education were considered literate and constituted 56% while 44% were

considered illiterate with no formal education. On the average, respondents may

have known the plants and used them for not less than 2 years. Information

gathered indicated that knowledge of these species was passed on orally from

relatives (parents/grandparents) who practiced traditional medicine.

Symptoms such as headache, chills, body pains, joint pains, loss of

appetite, parlor, wasting, cough, convulsions in children, blurred VISIOn,

vomiting, constipation, backache, frequent urination, diarrhea, tiredness, general

weakness and fatigue were mentioned as disease indicators ofmalaria fever.

Species sampled from the study area and which are used as antimalarial

remedies

Eighty nine plant species belonging to 41 families were recorded as

useful in treating malaria in the study areas (Table 7). Euphorbiaceae recorded

the highest number of species (8) while famililies Apocynaceae. Asteraceae and
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Afeliaceae had 5 each, Caesalpiniaceae, Fabaceae and Poaceae 4 each,

Combretaceae, Rubiaceae, RlItaceae, and Solanaceae recorded 3 each. The

following families recorded 2 species each: Anacardaceae, Bignoniaceae,

Compositae, Labiatae, Afimosaceae, Myrtaceae, Palmaceae, Sapotaceae,

Ulmaceae and Verbanaceae while 19 others: Agavaceae, Amaranthaceae,

Annonaceae, Bromeliaceae, Caricaceae, Connaraceae, Convolvulaceae,

Cucurbitaceae, Lauraceae, Lecythidaceae, Lauranthaceae, Malvaceae,

Maranthaceae, Musaceae; Nymphaeaceae, Passifloraceae, Periplocaceae,

Sapindaceae and Sterculiaceae recorded I species each.

Anti-malaria plants mentioned for the first time

At least 60 plant species are recorded for the first time as having anti-

malarial properties (Table 8), (Agbovi et al. 2002)

Parts of plant species used, mode of preparation and admiuistration of drug

The information gathered from the respondents to the questionnaire

indicated that Leaves are the most part used (i.e. 49.5% of the total number of

plants), Stem bark constituted (21.2%) followed by roots (14.1%). Fruits

followed with (7.1%), seeds and whole plant constituted (3.0%) each while

inflourecsence was (2.0%). Ninety five percent of respondents prepared their

drugs by boiling while 5% powder the plant material. Most of the respondents

(68.2%) administer their preparation orally; steam bathing is employed by

21.2% of respondents while 9.4% use enema as mode of treatment. Other
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approaches used are smearing and cold bat:l each of which is used by 1.2% of

the respondents. The exact dosage of the drug could not be indicated by most

respondents (86%) who at the same time recommended the use of herbal

medicine to all.

A total of 89 species distributed in 4 I families were sampled as plant

materials used in treating malaria fever. A list of the species together with their

other uses is presented in Table 7.

The plants are also used for a wide range ofpurposes such as fuel wood,

carpentry, food, tool handles, fodder and many others.
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Tnhle 7: I'lnnls nsed ns I'ellledies for IIIl1lndn in three seleeled areas of Centl'lIl Region, Ghann
F:JllliI}' Species Local Nallle I'lnnt l'al'ls Olhel'~------.- -.-.-------~-------

f01'1II nsed
Sallscl'icra Twiton (Twi)
IOl/g!florn Thullh.
PI/palin lappncca Mpupua (Twi) H Lvs
(Adans) Mut. ,ItISS.

Mlll/gifcra il/dica Mango (English) T Lvs"
Linn. Sb.
Spol/llillS mombil/ Aloa (Twi) T Lvs.
Lluu.
AI/I/ol/a ml/rica/n Apple (Thorny) T Lvs.,
Liuu. (English) Sb.
Als/ol/in bool/d Nynmcuua (Twi) T Lvs.,S
Liuu. b.

I. Agavaccac

2, Amaranthaceae

3. Anac:mlaceae

4. Annonaceae

5. Apocynaccae

Picralimn I/i/ida Akunllla (twi)
I'ie....e.
I'lciocarpll ml//ica Onwcnma (Twi)
Beuth.
Rnl/volflll vomi/oria Kakapcnpcn (Twi)
Liuu.

T

S

T

67

Lvs.,
rt.
Sb.,
rt.
1'1..
Sb.,Rt.
,Rb.

Blood purifier; Anti-snake bite.

Anti-syphilitic; piles; diarrhea; dyscntery;
gonorrhea; diuretic; fcvcr; anti-helminthic.
Febri fuge; diurctie; purgative; cough; laxativc;
fever; gonorrhen; stomachic; astringent; paralysis.
Chiekeu pox; tumours; cuts.

Antipyretic; auti-helminthie; fever; mal:lria; sore;
anti-rheumatic; ulcers; asthma; gonorrhea; filarial
iufcction; purgative; eye medicine;
Antimicrobial.
Anti-fever; stomachic; pneumonia; vcnercal
discascs; vcnni luge; anti-malarial.
Anti-fcvcr; carvings.

Sedative; tranquilizer in psychiatric condition;
hypoteusive; skiu diseases; purgative; jaunuiee;
gastro-intestinal problems; anti-convulsant;
antisporic; aphrodisiac; eye drop for vertigo; anti
snake bite; abortifieienl; anti-leprosy; erthral
discharges; anti-fevcr.
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Tablc 7 continncd
Bomba.~brcvicllspc Kuntunkuri (Twi) T Sb., Anti-rheumatic; dyscntcry; vencrcal diseases.
Spra!:lIc Lvs.

9. Bromcliaeeac AI/alias saliva Pineapple Fl.
(Linll.)Mcrrill.

IO.Cacsalpiniaccac Cassia alala Linn. Nsempii (Twi) S Lvs. Purgative; Fungicide; dysentery; gonorrhoea;
anti-helminthic; abortificienl.

Cassia ocidcl/lalis Mofrabrode (Fante) H Lvs., Febrifuge; Diuretic;
Linll. FI., Anti-microbial;

Sds. Anti-hypertensive; Purgative;. Vermifuge; Skin
infection; stomachic; ascites; sore throats; non-
septic swellings; coughs, quinine sbsl. for fever;
eye wash in tetanus.

SCI/I/a siamca Lam. Senna T Lvs.,
Sb.,
Rt.

Da!iwl/ gllil/ccnsc Akyitoekyi (Ewe) T Ft. Stomach problems; mouth sores; tooth ache;
Willd. tumours; easc labour in women; palpitations;

fevers; refreshing drink.
I I.Caricaceae Carica papaya Pawpaw (English) T Sds.,L Amoebicide;

Linn. VS., anti-helminthic; Stomachic; carminative and
mInfl., digestive; diuretic; wounds

12. Combretaceae Combrclrllll Whiremnini (Twi) S Lvs. Anti-rheumatic; fresh cuts; Vermifuge, guinea
grandiflonllll worm expellant; Antimicrobial.
G.Don.
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Vernonia conferta Wudifookete (Twi) SIT Lvs.,
Schreb. Sb.

14. COImaraceae Spiropetalllm Ahomakyem/Ahoma- T Lvs.,
lzeterophyllllm bosom (Twi) Sb.
(Bak)Gilg

15.Convoluulaceae Ipomoea batata Santom (Fante) H Lvs.
All.

16. Cucurbitaceae Mormordica Nyanya (Twi) H Lvs.
charantia Linn.

Table 7 continued

13. Compositae

17.Euphorbiaceae

Terminalia
ivorellsis Linn.
Vernonia
amygdalilla Del.

Alclzollia cordifolia
(Shun Ex Thonn)
Murr.Arg.

Bridelia atroviridis
Willd. Cor. Spreng

Emire (Twi)

Awonwene (Twi)

Ogyama (Twi)

Opamkotokurodu
(Twi)

T

S

TIS

T
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Sb., Rt

Lvs.

Lvs.,
Rt

Lvs.,
Sb

Sore; ulcerated wound; rheumatism.

Analgesic; Antipyretic; Upper respiratory tract
infection; skin diseases; Antihe1minthic;
gonorrhea; fever with diarrhea; febrifuge;
diuretic; purgative; vomitive; tonic; anti
scorbutic; pneumonia
Aphrodisiac; laxative; anti-diarrhea; vermifiJge.

Anti-stomach ache; anti rashes; Febrifuge; anti
microbial; anti-diarrheal; anti-diabetic; anti
helminthic; anti-pyretic; wound; cough; fenility.
Anti-diarrhoal; dye; leprosy; venereal diseases;
anti-snake bite; Antispasmodic;Anti-rheumatic;
Antimicrobial;Wound and yaws; Ringworms;
Antiprotozoal.

Antidiabetic; Mouthwash; Antihypertensive;
Antihelminthic; Diuretic; aphrodisiac; gonorrhea;
laxative
Body thrush.etc.
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TlIhll' 7 1'II111illlll'II
------~---~-------~----

Jallo/I/1<1 ctll'ms Ak:mcnuua (Twi) T Lvs Dyselltry; gOllorrhea; smes; wOlillds; usttingellt;
L11111, diuretic; yelloe fever UtIlllllliee); roulld worms;

convulsions; fever; guilleuwol1t1 sores; pllrgative,
Jall'opha Yesumogyn (Twi) S Lvs, Vermifuge; fever; purgative,
gOSi>:I'plj'o/ia Lllln,
Mal/ollis Saladua (Twi) S Lvs, Dyscnlry, vcrmifugc, allcmia, fatigue, lumbago;
opposilijo/ias LUIII', syphilis; tape worm; aphrodisiac,
Mal/lhol cscl/lcl/la Cnssnva S Lvs, Laelogellie; illseel repdlanl; tUl11ours; cuts
Cnllllz,
Phyllal/II/s alllams Abomaguekyir II Wp,
MIII'I'• (Funte)
Scctll'll/cga I'II'OSII Akimsu (Twi) S Rt. Annlgesic; !umbnr/inlerctlStuls puin; pleurisy;
CUlllltI. gx .hlss. brouehitis; fever; astringent: gonon-hcu;

aphrodisiac; vCllcrcal discasc; l11alaria; pllclll11onin;
blood-lillged uiarrhea; absecsses.

18. Fabnceae Cas.I'll/lllgl'lc(/1I Oscmpe (Twi) T Sb., Malarin; purgative; vel1l1ifuge; appetizer; fever;
LIIIII, Rt. SOl'O throat.
E':1'1hrophICI/III Potrodont (Twi) l' Sb
/I'Ol'Cl/sc! DC.
Parkla hlglobosa Osokrollsroll][[ (Twi) T Sb. Tooth ache; febrifuge; uiuretie; leprosy,
lIelllh,
ralllaril/cltis IlIdlca Bomfo (Twi) l' Ft.Sb. Anti-leprosy; sleeping sickness; febrifuge; eye
Lillll, S Lvs illllal11l1ll1tion sores; swellings; laxative; fever.

t9. Lubintue Ilosltilldla opposita Abrewanillkwilll/nun Lvs'l Fever; eolu;wound ul'Cssillg; cough; jaolldiee;
flaM. ul11erewn (Twi) Rl. purgative; sore lhroat; diuretic; cholagogue;

stom:lclt troubles; gOllolTheu; :lnti-eol1vuls:lnt;
illlti-snake bile; sores; Body itch; ullli-epileptic.
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Table 7 continued

27. Musaceae AIusa paradisiaca Plantain sucker H Lvs.
Linn. (English)

28. Myrtaceae Psidiulll gujava Guava (English) T Lvs.,S Anti-microbial; anti-diarrheal; coughs; tooth-
Linn b ache; astringent.
Syzygium gllilleellse Atena (Twi) T Sb.
Willd.

29. Nymphaeaceae Nymphaea lolus Asukooko (Twi) H Lvs Anti-malarial; Insomnia; food; Eczema; Prevent
Linn. miscarriage, Diuretic; Sedative; eye lotion; Anti-

cough; Bronchitis
Emollient.

30. Palmaceae Cocos Illlcifera Kube (Twi) T Sb.,Rt. Tooth ache and ear ache.
Linn. , Ft
Elaies guilleellsis Abe (Twi) T Lvs. Head ache; menorrhagea; anti-trypanosomiasis.
Linn.

31. Passifloraceae Adellia lobala Nsurogya (Twi) St., Lvs Nose cancer; piles aphrodisiac; diuretic;
Jacq. gonorrhea; purgative; feverish pains; anti-

rheumatic; intercostals pains; stomachic; coughs;
bronchitis; fever

32. Periplocaceae Oyptolepis Nibima (Twi) S Anti-inflammatory; Antimicrobial;
sallguillolellla Antihypertensive.
(Wall) R. Br.

33. Poaceae CYlIlbopogoll Lemon grass G Lvs. Febrifuge; diuretic; anti-rheumatic; anti-diarrheal;
citrales Spreng. (English)
CYllodoll dactyloll Aponkyeabodwese G Sb.
(Linn.) Pers. (Twi)
Sorghllm vlligare Millet (English) G Lvs
Moench.
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Tllhlc 7 con tinned
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Zca //lays LinJl. Aburoo (Twi) G Peels.
34. Rubineene ('aliIIti11//1 Teleadupon (Twi) T Lvs.

g/ahrijio/'llll/" icrn.
Morillda /Ilcicla Okonkroma (Twi) T Lvs.,S Anli-fever; constipation; piles; gonorrhea;
(llenth) b.,Rt tlavoring; blood purifier; ehesl problems;

aborti f.1eient; yellow fever with hacmoglobinuria
n11l1 haematuria; dysenlery; leprosy; astringent.

Nallc!ca /ali/olia Adesekankye (Fante) S Lvs.,S Tonic; anti-pyretic; diuretic; cyloloxie; anti-
Korth. b.,R!. baeterinl; febrifuge.

35. Rutaceae Cil/'lls al/I'wllii/olia Lime (English) T Lvs., Febrifuge;jaundiee; Inxalive; eannin~tivc; anti-
(Ch ristm)Swingle Ft. scorbutic; agent
Cilms //Icdica Ankaatwaree (Twi) T Lvs. Dysentery;
Linn.
('/WISC/II/ allisala Sarnanobiri (Twi) S Lvs.Sb Anti-rheumalie; Anli-helmithie; Parasiticide;
lin nn. Rt. MoslJuito reJlellent

36. Sapindaeeae Pal/llillia pil;ala Toantini (Twi) T Lvs., Fehrifuge; Cardiotonic; Dysenlry; Anti-protozoal;
Linn. Rt. lIaemostalic.

37. Sapotllecac ,s)'lIst'lJa/11/11 Asaa (Twi) T Lvs.,
d,dcijicIIIII ".&1< Rt.
Ticgltc//lclla l3eko (Twi) T Sh. mouth wllsh.
Itcckclii
"iere Ex A. Chev.

38. Solanaeeac I,ycopersicl///I Tonwto (English) II Lvs
CSCII/CIIIIIIII II ill.
So/alll/llllllc!ogclla NSUSUll (Twi) II Ft.
Linn.
So/alllllll 101'1'11//1 Bedrui (Twi) S Lvs., II aemostal; ant i-cough; haemal inic; scdat ivc;
Linn. Ft. diurclic; dig,cstivc
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Tablc 7 continucd
39. Stcrculiaccae

40. Uhnaceae

41. Verbanaccae

Tlteobroma cacao Cocoa ( English) T
(Linn)
Celtis adolfi- Yiso Nkesua (Twi) T
jidriclti Linn.
Celtis Africalla Esakosua (Twi) T
Linn.
Lalltalla camara Ananse dokono H
Linn. (Twi)
Lippia mllitiflora Saanunum (Twi) S
Moldcnkc

Lvs.,
Sb
Sb.,
Lvs.
Sb

Aerial
part.
Lvs.

Stimulant to hcart, kidncy and musclc,

Fever; headachc; gcncral malaise.

Fever; hcadachc; gcncral malaise; sore eyes.

Febrifuge; anti-hypertensive; muscle relaxant;
laxative; anti-microbial; sudorific; cosmetic
adjuvant; kitchen salt; anti-fever; coughs; colds;
gastro-intestinal problems; enteritis; fumigation;
car treatment; venereal diseases; abortificient.

Kcy:
T- Tree; S- Shrub; H- Herb; Sb.- Stem bark; Lvs.- Leaves; Ft.-Fruit; Rt.- Root; Sds.-Seeds; mInfl.-Male inflorescence; F1.- Fl0wcr;
Rb.-Root bark; Wp.- Whole plant.
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Table 8: Plants mentioned for the first time as remedies for malaria in three
seleeted areas of the Central Region, Ghana.

Family Species Local Name Plant Parts
form nsed

1. Agavaceae Sallscviera Twiton (Twi)
IOllgiflora Thunb.

2. Amaranthaceae Pupalia lappacea Mpupua (Twi) H Lvs
(Adans) Mnt.
Juss.

3. Annonaceae Annona nlllricata Apple (Thorny) T Lvs., Sb.
Linn. (English)

4. Apocynaceae Vaacallga africalla Amanafoa/Mpente S Rt.
Thou. m10bede (Twi)

5. Asteraceae Acalllhospermum Patakunsakuml H Aerial
hispidum Schrank pataJamsoe part

(Fante)
Aspilia africolla Mfofobedee (Twi) H All parts.
Thou.
Lacluca Dandelion H Lvs
laraxasifolia (English)
Thunb. ,-
Tridax procumbells Fomizegbe (Ewe) H Lvs. 11

Ie
Linn. II

.J
6. Bignoniaceae Kigelia africalla NufutenINufusuo T Lvs. "

Eng!. (Twi) "

7.Bombacaceae Bombax brevicuspe Kuntunkuri (Twi) T Sb., Lvs. I

Sprague
,.
I

8. Bromeliaceae Allallas sa/iva Pineapple Ft.
(Linn.)Merrill. •

i.
9.Caesalpiniaceae Cassia alata Linn. Nsempii (Twi) S Lvs.

~
Selllla siamea Senna T Lvs., ,
Lam. Sb., Rt. ~

"
II. Combretaceae Cambre/um Whirernnini (Twi) S Lvs.

gralldiflorum
G.Don.
Termillalia ca/apa Abrofonkatee T Wp.
Forst. (Twi)
Termillalia Emire (Twi) T Sb., Rt.
ivorellsis Linn.

12. Compositae Vernollia cOllferta Wudifookete srr Lvs., Sb.
Schreb. (Twi)
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Table 8 continued
24. Mimosaceae Dicllroslacys Dundu (Twi) Sf Rt., Lvs.

glomerala T
Forsk

25. Musaceae Mllsa paradisiaca Plantain sucker H Lvs.
Linn. (English)

26. Myrtaceae Syzygium Atena (Twi) T Sb.
gllilleellse "'illd.

27. Palmaceae Cocos Illlcifera Kube (Twi) T Sb.,Rt.,
Linn. Ft
Elaies guilleellsis Abe (Twi) T Lvs.
Linn.

28. Poaceae Cymbopogoll Lemon grass G Lvs.
citrallls Spreng. (English)
CYllodoll dactylon Aponkyeabodwese G Sb.
(Linn.) Pers, (Twi)
Sorghllm \~zlgare Millet (English) G Lvs
Moench. ..
Zea mays Linn. Aburoo (Twi) Peels. 11

,(
29. Rubiaceae Call/hillm Teteadupon (Twi) T Lvs. fl

,J
glabriflonml

"

Hiern. 'I
/

30. Rutaceae Cilrus medica Ankaatwaree (T\\~) T Lvs. :~

••
Linn.

31. Sapotaceae SYllsepallim Asaa (Twi) T Lvs., Rt. •
dllicificllm P.&K j
Tieghemella Beko (Twi) T Sb. ~

>
heckelii "Piere Ex A. Chev.

1

33. Solanaceae Lycopersicllm Tomato (English) H Lvs
esclllelllllm Hill
Solallllm melogella Nsusua (Twi) H Ft.
Linn.

33. Sterculiaceae Theobroma cacao Cocoa ( English) T Lvs., Sb
Linn

Key: T- Tree; S- Shrub; H- Herb;Sb.- Stem bark; Lvs.- Leaves; Ft.-Fruit; Rt.-

Root; Sds.-Seeds; mInfl.-Male inflorescence; Fl.- Flower; Rb.-Root bark; Wp.-

Whole plant
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Status of plant species used as anti-malarial drug

Information gathered on the status of the species indicated that the plants

ha\'e always been readily available on farmlands, river banks, waste places and on

play grounds. There were herbal gardens around homes ofmost respondents. With

exception of a few species which required quite long distances to the forest areas,

none of them required traveling from one village or town to another for harvest.

Spiropetalzm. heterophyl/ulIl (Connaraceae) required a special ritual in the deep

forest in the night before harvesting. All others could be picked at any time of the

day. Most plant species were found to be in all the three study areas (See

Appendix 4).
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CHAPTER FOUR

DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS

Discussion

The main objective of this study was to gather information on malaria in

the Central Region of Ghana that will contribute to enhanced understanding and

control of the disease. This was approached by looking at the incidence of the

disease, spatial and temporal distribution of the parasite species involved the

commonly encountered stages of the parasite in the blood of patients, the

haemoglobin levels of patients and the herbs used in treating the disease in the

regIOn.

Incidence of malaria

The gross percentage incidence of malaria disease ranged between 19.5%

and 36.3% in the study areas with a mean of 28.6%. Even though these figures

might be lower than the national annual average incidence of 42.8%, Afari et al.

(I 993). The observed annual average incidence of 28.6% is nonetheless high

indicating that Central Region is malaria endemic area. People who attended the

various hospitals and were diagnosed as having the disease included all age

groups under I year old to above 70 years.

The range of incidence rates <20% to 36.3% in the four study areas shows

non-uniformity in the occurrence of the disease in the region. This could be
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accounted for by the unique charaGteristics of each zone. Conditions prevailing in

the coastal zone such as availability of health facilities, good roads and better

income probably enable more people to report to the hospital promptly. It may

also be argued that people from the coastal zone who in general are better

educated, are more knowledgeable of the disease and therefore most likely report

to healthcare providers when sick. The people in the forest zones lack many

facilities and unlike those in .the coastal zones, the sick people resorted to self

medication confirming the documented findings (Swartout, 1951; Commey, 1989;

Adasi, 2005). They may also harbour the parasite but showed no symptoms

(asymptomatic) maintaining protective immunity against clinical attacks

(Kurtzhals et al. 1999). According to Wagner et al. (1998), due to the use of

protective measures against the disease, individuals tend to have lowered

immunity towards it and would easily be infected by the bite of the vector due to

less continual exposure. A related question that needs further attention is whether

there are less breeding places for mosquitoes in the rural! forest areas studied. At

least in the Cape Coast area where the two urban hospitals sampled are cited, the

Fosu lagoon provides a permanent year round breeding site for mosquitoes.

The results also indicated that the disease was prevalent in the region

throughout the study period as shown to be consistently higher than 25% monthly

incidence rates (Fig.6). However, the apparently low incidence of the disease

recorded at CCDH in April and June 2006 (Fig.5a) is not easy to explain

considering the fact that June is generally the wettest month in the Central Region
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and that mosquitoes breed in pools of water. On the other hand, water collected

into pools maybe too turbid for the mosquitoe larvae to breed in or there were

floods that flowed continually thus preventing collection of water into pools. The

virtually year -round prevalence of the disease suggests that conditions for the

propagation of the parasite are favourable continually and hence its endemicity in

the region.

In all the study areas, variable age dependent malaria infections were

observed and children (1-10 years) were found to be most susceptible to malaria

infections (Fig.1 0). However, children under Iyr like those in 50-60yrs were least

infected. This could be attributed to the fact that children under Iyr possess partial

innnunity from their parents by which they are able to fight some infc~tions. Adult

within the 50-60 years group are assumed to be very responsible. They are very

conscious about their health and would immediately report of any health disorders

for medications. They also could be described as the well dressed group hence

they have minimal contact with the vector. It is generally claimed that children

and pregnant women are more vulnerable to malaria (WHO, 2000a; Kakkilaya,

2006). The results of the present study show that children under 10 years

(including <Iyr) had the highest malaria infections in three of the hospitals except

UCCH. The infants and children probably had not developed natural immunity

against the disease. The highest infection rate (36.8%) at UCCH is among the 21-

30 year group. This could be regarded as anomalous, and possibly highly

influenced by the ages of the university students who are the major users of that
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facility for greater part of the year. The prevalence rate by sex in the various

hospitals showed that female patients were more affected than their male

counterparts. This could be due to a number of reasons:

.:. Complete protection provided by the dresses that males wear i.e trousers and

long/short sleeve shirts, pair of socks and shoes. This reduces the mosquito

bites.

•:. Partial protection provided by the dresses females wear. They tend to expose

greater parts of their body to mosquito bites.

•:. Differential activity of males and females may also account for the differencFs

in their vulnerability and exposure to infection. Young boys usually spend

more time playing outdoors and hence may be more prone to mosquito bites

than the young girls who are usually indoors assisting parents with house

chores.

•:. Among the adults, women are mostly traders who tend to stay out till very late

in the night. Some female travelling traders mostly sleep in vehicles and by the

roadside when night falls on the way thereby exposing themselves to mosquito

bites.

•:. Pregnancy \vith its attendant stress and strain lowers the immunity of women

and makes them more vulnerable to malaria (Kakkilaya, 2006).
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Distribution of malaria parasite species

Of the four species of the known Plasmodium parasites that cause malaria

in humans, three of them were encountered during the study. These were: P.

jalcipanml, P. malariae, alld P. ovale. P. jalciparom was the predominant species

encountered (97.7%). This supports the various studies conducted by Commey

(1989); Meima (1989); Mari el al. (1993); Ayirebi-Akomea (1993); Safoa-

Appenteng (1994). High P. jalcipanml prevalence has also been recorded in rural

areas in Ashanti region (Browne el al. 2000) and in Northern Ghana (Koram el al.

2003). According to Commey (1989), the biological characteristics of P.

jalcipanml are sufficiently different from the other Plasmodiun. species. P.

jalcipantm successfully invade erythroc)1es, enlarge and multiply. The parasite

has the ability to exhibit sub-tertian cycle of 36 hours to facilitate the production

ofmore merozoites (8-24) which have preference for all types of er)1brocytes in a

short possible time. The merozoites have surface proteins (MSP-l) which enable

them to invade ~ocytes. The parasite also possesses var genes that enhance

antigenic variation to evade the host's inunune system (Connotea, 2008). The

sexual forms of the parasite are found to resist chemotherapy and all these

attributes make the Plasmodium jalciparom more virulent thereby causing

morbitdity and mortality. P. malariae and P.ovale followed the trend with 1.3%

and 0.4% prevalence respectively. Merozoites of P. malariae and P. omle have

preferences for the matured red blood cells which spend quite a little period in
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circulation resulting in their minimal encounter (Commey, 1989). The efficiency

of P. jaicipanlll/ transmission has been attributed to high relative humidity and

higher probability of survival of female Anopheles (Afari et al. 1993). The

authors report that P. jalcipantm infection might possibly suppress P. malariae

infection when transmission in the former becomes more intense and efficient

apparently in the wet season. It was noted that although predominance of P.

jalcipa11lm has been recorded by other workers, the infections recorded for P.

malariae and P. ovale in the present study are much lower than those recorded by

Afari et al. (1993), ie 20.4% and 2.7% respectively for the two species in the dry

season.

The absence ofP. vivax in the study area corroborated the findings of other

workers who have attributed it to the lack of genes expressing Duffy antigens on

red blood cells in indigenous people of West and East Afiica. Duffy antigen on

red blood cells are required for attachment and subsequent invasion by merozoites

of P. vivax. hence RBCs are refractory to P. vivax invasion (Miller et al. 1976,

1979, 1986; Centers for Disease Control and Prevention, 2004).

Trophozoites were the most frequently observed erythrocytic stage of the

Plasmodium species encountered. It could be explained that the rings are

sometimes invisible even when using powerful microscopes. Besides, the

schizonts ofPlasmodium species rapture during the evenings and that accounts for

the chills and temperature most patients experience. These patients visit the

85

•,
C•J
I
l
r
,,



I

I
I,
I,
j

--

hospitals in the morning and by the time they get to the laboratory for their blood

to be taken for the test, the ring fonns might have grown to become trophozoites.

Evidence by Trubowitz and Masek (1968) indicated that the polymorphonuclear

leucoc)~es could recognize and phagoc)~ose unprotected merozoites leading to

their destruction. As a result of this the merozoites escape from one host

ef)Wocyte much rapidly to invade fresh cells to repeat the erythrocytic

schizogonic cycle. The moderate number of gametocytes encountered could be

attributed to the fact that most patients treat malaria at home and only go to

hospital when they are not fully cured. The disease is thus suppressed and the

delay in seeking early treatment may cause several schizogonic cycles for

merozoites to transfonn into drug resistant gametocytes. Some drugs, ego

Chloroquine and quinine when used, qnickly transfonn most ring fonns to become

gametocytes (Miller et af. 1971).

Haemoglobin levels in malaria patients

Generally, the entire population of the patients sampled during the period

might be said to be anaemic. The observed reduction of haemoglobin levels with

corresponding increased parasitaemia could be attributed to lysis of enonnous

numbers of red blood cells, phagoc)~osis of infected red cells, sequestration of

infected red cells and suppression of red cell fonnation (NeMon et al. 1997). It

could be speculated that the anaemia is attributable to malnutrition and helminthic

infections or other diseases, but generally the findings agree with what has been
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postulated for faicipanllll malaria by Ncwton et al. (1997), Dugbartey e/ al.

(1998), Kakkilaya, (2006). There is a significant difference (P values; 5.938,

9.200,5.256) in haemoglobin levels of malaria patients in terms of sex. Naturally,

the normal haemoglobin levels for females (12-14g/dL) are lower as compared to

males (14-16 g/dL) and this trend is probably carried through infection. Adult

females pass an amount of blood every month as a result of menstruation. The

inability to eat properly as a result of busy schedules such as farming and trading

to replenish the lost blood may result in anaemic conditions. Pregnant women

undergoing stress may suffer anaemia due to improper food intake.

Anti-malarial plants encountered during the study

The total reliance of herbal preparations for cunng malaria in the

communities of the study areas could be attributed to the non-availability of health

facilities, bad roads, poverty and ignorance and this explains why the people have

made gardens consisting ofthe desired plants around their houses. Also the people

do not weed the plants on river banks, waste places and on play grounds because

they obtain their herbs from these areas. With exception of a few species which

required quite long distances to the forest areas, none of them required traveling

from one village or town to another for harvest. Spiropetalum heterophyllum

(Connaraceae) required quite a distance and a special ritual in the deep forest at

night before harvesting. It is speculated that the plant is very potent against the

malaria disease and that it is harvested on a large scale and this might have caused

it to be going extinct. Collectors consider the plant to be sacred and would strip
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naked, perfom some rituals before harvesting. However, the reasons for doing so

were not disclosed.

Plant parts used in the preparation of anti-malarial drugs.

Different parts of the same plant species were used by different people at

different locations and in different formulations. Also different parts of different

plant species could be used by an individual in the preparation of the decoction,

infusion, powder or in the poultice to treat any symptom of general body malaise

which they suspected to be "fever". In all leaves were the part mostly used by

respondents (49.5%). Reasons could be that leaves are easy to process (Agbovi et

al. 2002). For example, respondents were fully aware that the Gisease could

manifest itself in many diverse ways. To overcome the complex manifestations of

the disease, many plant species and parts were combined in preparing decoctions

commonly used for treatment. This explains why in spite of the numerous

symptoms such as headache, chills, body pains, joint pains, loss of appetite,

parlor, wasting, cough, convulsions in children, blurred vision, vomiting,

constipation, backache, frequent urination, diarrhea, tiredness, general weakness

and fatigue common plant species were used for treatment. It is strikingly

interesting that the concept has also been used in preparation ofallopathic drugs as

combined therapy to benefit from their additive or synergistic effects. Gurib-

Fakim (2006) perfectly confirms the findings of the present study.
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The use of decoction by respondents could be attributed to the easy nature

by which ingredients are extracted. Besides, it is regularly boiled to prevent it

from decaying. These reasons probably explain the preference for decoction to

other dosage forms. To almost all respondents, such decoctions are taken 3 times a

day, i.e. morning, afternoon and evening after meals. The preparation is left in the

pot and heated up daily before use and as a result the extract becomes

concentrated. The drug is discarded and a new one prepared when the aqueous

extract is seen to be diluted.

The respondents used the decoction routinely as prophylaxis so as to

prevent the occurrence of the disease. However, investigation should be conducted

to ascertain whether prolong use of decoctions would not impair their immunity

thereby making them susceptible to infection. Children and pregnant women

mostly had enema from a single plant or a combination of few plant species. This

practice among pregnant women and children is disturbing. In the case of the

pregnant women, it is more dangerous because the teretogenic effects of the

decoctions have not been ascertained. Another reason for the children is that since

the immune system is not strong, they might suffer side effects. To reduce the

effects of the decoction, some respondents practiced "vapour bath' and "extract

bath". This could be explained that the extractive is just diffused through the skin

and would not accumulate any toxic substance in the body. All the above stated

procedures are employed by the respondents in the treatment of malaria (fever)

and the various preparations when administered, enhance their mood and give
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them a sense of well-being to enahle them carry out their faIming and other daily

actidties.

Most of the respondents could not indicate the exact dose of the herbal

preparations that one could administer. However, the herbal practitioners could

state the exact dose, expiry date etc because they have been trained by their

predecessors. The practitioners otherwise could not tell exactly how much

ingredients of particular plants are present and the exact dose that can treat the

disease. This and the period within which ones' sickness is treated (maximum

curative period) become imaginative. It would have to depend on the patient's

irrnnune status and how constant the drug would be administered. The observed

inability to state clearly the exact dose, expiry date could be attribut~d to lack of

education of some of the respondents. The literate respondents had some

knowledge and used drugs with caution. They never exceeded the dose and would

stop decoction intake when they realized total health gain.

The inability of the respondents to attribute untoward effects to any of the herbs

could stem from their lack of knowledge of the possible signs and symptoms of

adverse reaction in response to a specific herb. Nonetheles, the herbs could not

cause any adverse response because small quantities of active ingredients present

in herbs act in concert to produce therapeutic effects.
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New anti-malaria plants encountered in the study

The popularity of ethnoherbal recipes is attributed partly to the

inaccessibility to modem healthcare facilities which are expensive for the poor

villagers (Sofowora, 1993; Britwum et al. 2000; Gurib-Fakim, 2006; Evans,

2006). In contrast, herbal medicines are cheaper, acceptable to local people and

readily available (Sofowora, 1993; Gurib-Faldm, 2006). The respondents

considered some herbs new because those plants were not previously used to treat

malaria; however, antimalaria herbs of different origin have been hyped by the

media in recent times such that most respondents could now use them. The

respondents confirm the suitability or otherwise of the herbs when domestic

animals fed with the herbs and did not show any adverse effects. TI,e perception

was that those herbs did not contain toxic substances that could be harmful and

therefore could be used as medicine. The instances cited above might be true to

the discovery of new anti-malaria plant species in the Central Region. In

furtherance, most of these plant species were not peculiar to one locality; therefore

it is believed that they might be true anti-malaria plants known very well to the

people of Central Region which would require further research and

documentation.
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Conclusions

The following conclusions can be made from the results of the study:

1. The incidence of malaria during the study period was found to be higher in the

coastal zone than in the forest zone. The mean incidence rate for the coastal

zone was 34.4% where as the forest zone recorded 26.9%.

2. There was a more or less uniform occurrence of the malaria disease

throughout the year in the study areas.

3. The younger population of up to 10 years (including <1 yr) was found to be

the most affected group in the region.

4. Females were found to be more vulnerable to the disease than their male

counterparts in three of the four hospitals namely; CCDH, SFXH and OLGH.

UCCH showed no significant difference in incidence of the disease among the

sexes.

5. Plasmodium jalciparum was found to be the most prevalent malaria parasite

which causes the disease in the Central Region all year round. It maintained a

predominance rate of over 90% among the different parasite species identified

throughout the year.

6. The erythrocytic trophzoites dominated the life cycle stages encountered in the

blood of malaria patients examined.

7. Malaria patients became more anaemic as parasite density increased.

8. Eighty nine plant species belonging to 41 families were found to be used in the

treatment of malaria in the Central Region. Sixty of the species are being

mentioned for the first time as anti-malarial plants in Central Reion.

9. Leaves, stem bark and roots are the main parts of plant species used in the

treatment ofmalaria.

10. Boiling is the main process used in the processing of plant parts as anti

malaria drug.
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II. Drug administration is mostly oral, stea.m bath and enema.

12. Various parts of 2 or more plants species are usually used in combination in

treating malaria.

Recommendations

I. Efforts at controlling malaria in the region and the whole country should be

stepped up since the youth, women and the working age group are more prone

to the disease.

2. Inclusion of anaemia corrective measures in routine malaria management

should be considered.

3. Further research should be conducted on the anti-malarial plaE:S throughout

the country to produce a national document on the subject paying attention to

the plants that have been recorded as anti-malarias for the first time in this

study.

4. Further research work should be conducted to identify the active ingredients in

the various plant species to enable appropriate drug formulations.

5. Efforts should be made to adopt conservational measures to prevent the plant

species from becoming endangered.

6. Practitioners of Herbal Medicine should be given recognition and training to

enhance their capacity to supplement orthodox medical delivery.
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APPENDIX I (A, B, C & D): OrD Records on Incidence of Malaria in the Four Hospitals
A (CCDH) NOV. DEC. JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT

05 05 06 06 06 06 06 06 06 06 06 06
MALE
Age Grp.(Yrs.)
<1
1 - 10
11 - 20
21-30
31-40
41-50
51-60
61-70+

30 25 35 25 25 20 30 20 40 30 40 37
90 100 121 71 85 51 100 65 125 148 110 92

150 130 150 104 125 50 122 90 160 198 170 113
118 110 96 100 110 40 95 81 132 144 151 107
66 52 64 65 65 32 62 49 90 85 99 68
41 39 52 55 55 28 58 37 63 69 67 58
27 32 40 35 40 20 40 23 40 53 36 40
32 40 75 45 40 21 30 25 50 50 35 55

u

TOTAL
357, 5%
1158,17%
1562,2:1%
1284,19%
797, 12%
622, 9%
426, 6%
498, 7%

TOTAL 554 528 633 500 545 262 537 390 700 777 708 570 6704

FEMALE
<1
1-10
11 - 20
21-30
31-40
41-50
51-60
61-70+

40 20 35 35 40 20 35 15 35 40 33 35
135 102 110 100 120 55 130 70 135 170 111 107
130 125 170 125 150 65 135 102 157 224 215 136
114 91 137 80 107 47 103 76 126 165 185 126
75 77 84 47 65 25 79 46 95 100 117 79
51 59 55 33 45 19 56 33 75 70 78 62
34 36 40 25 28 14 38 26 50 50 30 50
35 40 50 40 30 15 45 20 62 50 35 58

383, 5%
1345,19%
1734,24%
1357,19%
889,12%
636,9%
421,6%
480,7%

TOTAL 614 550 681 485 585 260 621 388 735
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NOV. JAN FEll MAR MR MAY JUN JUL AUG SEPT OCT
05 DEC. 05 0(, 0(, Oti 0(, 0(, 0(, Oti 0(, Oti 0(,

';,

TOTAL
19 lti 14 21 20 25 12 2.1 2(, 25 29. 2(;H. J'%
8.1 7(, 1.19 121) 112 fn 4R R4 R7 79 81 11.15, 11%.

107 tiR 1.17 107 77 1.12 299 7R 125 98 101 . 14%, 14'%-
27.1 244 .129 .131) 340 420 27(, 2')5 2(,(, JRO ;]49 .1 1).10,37%
1(,3 145 IR5 193 195 18.1 154 141 154 200 228 21%,20%
79 (,0 77 R4 <)(, 91) .12 59 f)3 102 143 1058, IO'y"
IR 19 .1(, 3R 47 41 R 40 30 44 80 450, '1'%_

JR
120
127
419
255
1.14
49 __--'-.::-J.._'-'-,-J'-.:,-,:-.1_'-:-'----,'~_~.1-_"_.1-_:'::_.1-_"_:,-J--?'-_::_ccc-'-_='='_.:....,;,:,.;.

.12 I) 14 15 15 24 17 I) 23 32 28 38 251>,2'1"
1174 751 042 '132 1)2(,1)11 IOI'l 838743 81;] 95(, 1t""1 107(11)

II (lJCCII)
MALIC
Age Grr.(YrR)
<I
I . 10
II ·20
21·.10
.1 1·40
41·50
51·(,0
(,1-70+
TOTAL

273, YX,
11(14,11%
12(,(" 12%
411I,3f)%
2IRf),21%
I02R,IO%
J()J, J'%
22R, 2fYtl

709 6.10 901 95.1 742 IOJ() ')<)2 185 75.1 fM2 1032 10(,02115.1

36 15 IR II) 25 28 22 f) 25 30 22 24
116 7(, 74 139 118 10.1 101 1)0 92 R5 7.1 77
130 10.1 52 100 10.1 85 11(, 186 R7 IIR 89 1)7

419 270 266 .115 .174 2.14 .195 511 .109 252 .187 J7?
24(, 152 141 1% Il)f) 152 208 16.1 145 129 208 250
1.14 71 57 91 n R6 IIJ II 04 76 98 1.15
40 15 14 32 .10 .14 40 10 .14 34 40 40
32 7 8 f) 12 20 15 12 29 2f) 25 .10. . _-

FEMALE
<I
I ·10
I I • 20
21-30
.1 1-40
41·50
5I·M)
(,1·70i
TOTAL

lOR



NOV. DEC. JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT
05 05 06 06 06 06 06 06 06 06 06 06

;1

TOTAL
752, 1Z%
2184,35%
662,11%
753, 12%
609, 10%
425, 7%
346, 6%
494, 8%

461 884 506406 480 528 676616381 389 37":17,-L---=-58""'1---' 6225

79 130 83 73 54 83 78 39 25 50 22 36
151 360 165 146 200 179 228 219 146 140 117 133
53 76 59 38 50 51 95 78 36 39 28 59
59 86 52 45 63 65 86 85 32 41 39 100
41 59 44 33 42 58 62 73 35 40 28 94
25 64 31 24 20 39 40 42 30 30 27 53
21 46 30 21 12 25 38 38 34 22 23 36
32 63 42 26 39 28 49 42 43 27 33 70

- ---

C (SFXH)
MALE
Age Grp.(Yrs.)
<1
1 -10
11 - 20
21-30
31-40
41-50
51-60
61-70+
TOTAL

650, 9%
1954,26%
840, 11 (~~

1050,14%
962, 13%
759, 10%

527, 7 %

836,11%
606 1052 682 485 591 648 7771-'--=7:-:47"8-'-=5:-:67"7-'---=-62=-=0---'-----"48::-:3---'--::3-=-25=-' 7578

56 137 63 46 57 67 66 39 28 22 25 44
160 330 187 146 154 167 138 192 129 127 109 115
68 129 74 46 66 74 109 76 49 65 43 41
89 126 84 68 100 91 115 104 80 92 70 31
79 118 80 56 68 89 109 97 83 85 69 29
58 87 71 42 45 55 90 74 74 79 58 26
50 35 48 35 40 32 70 63 35 60 40 19
46 90 75 46 61 73 74 103 89 90 69 20

FEMALE
<I
1- 10
11 - 20
21-30
31-40
41-50
51-60
61-70+
TOTAL
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NOV. DEC. JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT
05 05 06 06 06 06 06 06 06 06 06 06

TOTAL
335,9%
776,21%
754,20%
598,16%
420,11%
333,9%
244,6%
315,8%

397 214 306 281 307 35"'9-'--:2:-::9""::'6-'--,3:-:0""::'2-'-:3:-:1-:-1...1-""::'3"'"'19::-'-----:-37:19:-'--:3:-:6..,.-'4 3775

48 25 29 32 35 27 22 20 25 25 19 28
85 47 98 50 60 65 52 56 63 60 63 77
70 40 43 57 57 71 63 66 59 70 76 82
69 29 42 46 52 61 44 45 45 59 51 55
46 23 33 28 39 44 34 33 37 34 29 40
30 18 26 22 27 35 27 29 31 27 28 33
16 14 18 18 15 22 23 23 27 17 26 25
33 18 17 28 22 34 31 ~O ____~4 _2?--.E.- _ 24----

D (OLGII)
MALE
Age Grp.(Yrs.)
<1
1-10
11 - 20
21-30
31-40
41-50
51-60
61-70+
TOTAL

368,9%
789,19%
858,20%
682,16%
454,11%
378,10%
277,7%
421,10%

436 227 232 299 359 392 355 365 347 404 40-':-6.l-4"::05~ 4227

55 26 17 30 37 32 22 24 23 30 37 35
74 50 52 69 62 63 60 66 68 80 74 71
75 46 48 64 77 84 67 68 69 96 76 88
84 37 33 45 63 61 51 53 58 72 62 63
46 22. 20 28 43 47 36 36 39 47 45 45
28 15 16 21 33 45 36 36 32 30 43 43
25 14 II 14 20 35 31 32 22 22 30 21
49 17 35 28 24 25 52 50 36 27 39 39

FEMALE
<1
1 - 10
11 - 20
21-30
31-40
41-50
51-60
61-70+
TOTAL
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APPENDIX 2: Raw data on malaria patients relating haemoglobin levels to parasitaemia in the four hospitals.
~- , ....... --_ .......J

Age Sex Hb Para. Age Sex Hb Para. Age Sex Hb Para. Age Sex Hb Para.
(+) (2+) (3+) :1 (4+)

32 f 9.6 + 55 f 10.3 2+ 3 m 8.2 3+ m· 2.7 4+
40 f 9.6 + 35 f 12.0 2+ Iv5m f 6.2 3+ ly9m J 5.1 4+
35 f 14.4 + 27 m 14.7 2+ 6 m 7.2 3+ 4 m 5.5 4+
27 m 14.7 + 3 f 8.2 2+ 14 m 12.7 3+ 1 m 6.1 4+
5 m 9.9 + 1.5 m 2.7 2+ 1 f 6.2 3+ 7 m 10.3 4+
2 f 5.5 + ly3m f 5.5 2+ I f 10.3 3+
19 f 7.2 + 3.5 f 3.8 2+ 2 m 7.9 3+
9.5 f 8.2 + 45 m 7.5 2+ 26 f 8.9 3+
2 m 12.7 + ly5m m 8.9 2+ 4m f 3.4 3+
1 f 2.7 + 7 m 11.3 2+ 4 m 4.1 3+
4 m 12.0 + 10 m 11.3 2+ 3m m 4.1 3+
23 f 6.2 + ly2m M 4.1 2+ 1.5 m 4.1 3+
66 f 12.3 + 2y3m f 5.8 2+ 65 f 10.9 3+
1.5 f 3.1 + I f 7.5 2+ 2 f 4.4 3+
20 m 14.1 + 19 f 7.9 2+ 2 f 6.5 3+
4 m 9.9 + 5 f 4.8 2+ 9 f 12.0 3+
2 m 6.8 + Iv9m f 3.1 2+ 3 m 12.7 3+
31 m 14.7 + 45 f 10.4 2+ 18 f 9.9 3+
40 m 12.3 + 2y.3m f 5.8 2+ 17 m 12.3 3+
10m m 4.8 + 1.5 m 9.4 2+ 4 F 7.5 3+
8m f 4.4 + 3 m 8.2 2+ 2 f 4.4 3+
19 m 15.7 + 5 f 8.6 2+ Iy3m f 3.1 3+
35 f 13.8 + 2 m 9.9 2+ 11m f 7.5 3+
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dfix 2'\------------- -----------

37 f 13.7 + 28 f 9.9 2+ 13111 f 5.1 3+
6.5 m 11.6 + 23 f 10.6 2+ I 111 8.6 3+
ly4m f 12.0 + 20 f 8.6 2+ 5 m 6.5 3+ .'

8m f 4.4 + 22 f 12.3 2+ 13 f 9.2 3+

~ \. ...... ........... &&J

Age Sex lIb Para. Age Sex lIb Para. Age Sex Hb Para. Age Sex Hb Para.
(+) (2+) . (3+) (4+)

11.4 14.1 7.2 11.-1
15.2 7.2 8.0
15.9 12.5 11.7
12.5 14.4 7.6
12.1 10.6 6.8 --
10.6 13.7 14.1
10.3 13.6 11.4
10.6 15.8
10.6 14.1
11.4 8.0
14.9 12.1
12.4 11.0
11.6 13.3
13.7
14.8
10.3
6.5
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Appendix 2 continued
8.8
9.9
14.4
14.4
9.4
8.3
15.2
14.1
9.1 .

11.6 -

....... ....~ ~ ........J

Age Sex Hb Para. Age Sex Hb Para. Age Sex Hb Para. Age Sex lIb Para.
(+) (2+) (3+) (4+)

25 m 16.4 + 7 m 9.7 2+ 2 m 5.1 3+ 2.5 m 6.6 4+
3 f 9.0 + 20 f 11.3 2+ 3 f 5.8 3+ 2 m 12.2 4+
13 m 13.3 + I m 12.0 2+ 5 f 10.5 3+ I m 4.7 4+
4 m 15.7 + 30 f 9.7 2+ 2 f 14.7 3+ 8m f 6.6 4+
8m m 8.6 + 40 f 14.4 2+ 2 f 14.7 3+ 1 m 8.2 4+
3 m 13.0 + 63 f 11.7 2+ 8 f 11.7 3+ 1 m 1.7 4+
2 m 3.1 + 19 m 12.0 2+ 10m f 10.5 3+ 10m m 8.3 4+
42 f 12.9 + 75 f 9.0 2+ 2 f 7.0 3+ 3 f 7.4 4+
3 f 8.6 + I m 10.9 2+ 6m f 10.7 3+
I f 7.0 + 9 m 13.0 2+ 9 m 4.3 3+
9 m 2.7 + 5 m 10.5 2+ 11m m 11.0 3+
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l\lIpendlx 2 ellnl/nned
,12 r 7.lJ I- 3 r 10.5 21- 27 r 7.8 31-

.~

,I 111 7.0 I- 2 111 7.2 2+ 4.5 r 5.8 31-
Hm r 8.4 I- 3 m 12.3 2·1- 9m r 5.1 3+
35 111 5. I . l- S r 8.3 -ן2 7m 111 11.7 3+
1'1 m 12.0 I- G r 10.5 2+ 1.5 m 12.5 3+
4 r 13.3 I- 4.5 m 12.5 2+ 5 111 11.7 31-
34 r 12.0 + (i4 r 13.5 2+ 10 r 13.3 3+
\(i r 10.1) 1- 7m m 8.7 2+ 3 r '1.0 3+
22 r 1).0 -1- .5 r 6.'1 2+ lOw r 7.0 3+

~

3.5 r 7.8 l- I m 3.7 2+ 15m r 11.5 3-1-
38 r 12.lJ + u r '1.2 2-1- 14111 r 7.4 3+
\ m '1.7 I- 2G r 14.0 2+ I r 10.9 3+ - ---
G r 11.0 + 4 r 11.7 2+ 9111 r 8. I 3+ --
29 r '1.7 -1- 3 111 5.H 2+ 1.5 r 10.5 3+
'1111 r 3.4 + 4.5 m 12.5 2+ 3 r \J.G 3+
I r -1.tI + 2.5 m 2.G 21- Gdys 111 10.5 3+

I 1·\



- --
Age Sex Hb Para. Age Sex Hb Para. Age Sex Hb Para. Age Sex Hb Para.

(+) (2+) (3+) (4+)
2 m 8.3 + 40 f 10.7 2+ 11 m 9.9 3+
19 f 9.0 + 30 f 10.8 2+ 26 f 13.6 3+
25 f 8.5 + 6 f 5.6 2+ 4m f 10.6 3+
20 m 11.2 + 3 m 9.3 2+ 6m f 6.8 3+
24 f 8.0 + 3 m 4.8 2+ 4 f 7.9 3+
31 f 10.1 + 7 f 7.5 2+ 3 f 5.4 3+
25 f 10.7 + 1 f 6.0 2+ 4.5 f 10.6 3+
34 f 9.6 + 2 f 9.2 2+ II f 9.0 3+
30 f 9.9 + 4 m 9.1 2+ 8 f 6.3 3+ !
42 f 11.4 + 8 f 7.7 2+ 9m m 2.6 3+
6m f 12.1 + 2 f 3.5 2+ 6 f 8.2 3+
4 f 8.9 + 36 f 9.9 2+ 26 f 8.0 3+
69 m 6.2 + 3 m 5.6 2+ 11m m 3.8 3+
9 f 7.0 + 2 f 8.0 2+ 3 f 9.0 3+
2 m 7.0 + 2.5 f 6.1 2+ 5 m 8.3 3+
20 m 12.4 + 1 m 5.6 2+ I m 5.1 3+
16 f 7.0 + 1.5 m 5.0 2+ I f 4.5 3+
I f 1.5 + 2 f 6.8 2+ 2 f 4.9 3+
10 f 5.0 + 15 m 10.5 2+ 9 m 12.4 3+
78 m 12.9 + 12 f 7.5 2+ 9m m 1.9 3+
10m f 4.8 + 1.5 m 10.0 2+ 12 f 9.8 3+
32 m 14.2 + 32 f 7.7 2+
10 f 5.0 + 2 m 5.0 2+
14 m 10.1 + 8 m 8.8 2+
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APPENDIX 3

MALARIA RESEARCH
QUESTIONNAIRE FOR HERBALISTS/GENERAL PUBLIC

I. PERSONAL INFORMATION

Name: Male D Female D
Age: Town: .

Occupation: .

Marital Status: Married 0 Devoiced DWidow D
Number ofChildren: House Number: .

Education (Level): .

II. TREATMENT RECORD

I. Have you used herbs to treat any malaria patient? Yes D No 0
2. If yes, for how long? .

3. (a) About how many patients come to you with malaria per year? ..

(b) Do they all get cured by you? Yes 0 No D
(c) About how many die while receiving treatment from you? .

(d) Any possible reason why they die? ..

....... .
................ .............. .

.............. .

.... .

4. How do you know they have malaria disease?
Symptoms: .

.................................................. ............. .
. ............ .

.......................... ........ .
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III. PLANT SPECIES IN USE

5. What is (are) the name(s) of the plants you use?

(a) Local Name (b) Scientific Name

I. I. .

n c................................ II. ..

III. .. 111 ..

IV. IV .

V. v .

6. Which of them do you consider to be most effective?
..............................................................................................

7. How did you get to know about the plant(s)? ..
.... .. , .

IV. PREPARATION AND EFFICACY

8. Which part ofplant do you use?

(i) Fruit (ii) Leaves (iii) Bark (iv) Root

9. How do you prepare it for use as medicine? ..

10. (a) How does one apply it? ..

.... .
(b) Has there been any modification in preparation and usage with time?

YesD NoD

(c)Ifyes why? .
.. .

. ?II. (a) How do you call your preparatIOn ..
.. .

(b) What is the dosage? .

12. How long does one use it get cured?
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Less than I week 0 I to 2 weeks 0 More than 2 weeks 0
13. Do patients eome back to report ofrccurrence of the disease after the

period of usage? Yes 0 No 0
14. If yes, what do they complain about this time? .

..... .

..... .

................ .

V. DISTRIBUTION AND STATUS OF PLANTS USED

15.(a) Where do you get theplant(s) from?

On Fannlands D Another Village D
Backyard 0
Deep Forest 0

(b) Do you travel to other parts of the country for it? 'Yes D No 0
(c) If yes where? .

. . - , .

~.~: ~~.~~;~~.~~;;; ~~~~;~~;~~ ~~~ tj .. ···· .. ···· .~~ tj
17. If no, were they abundant in the past? Yes 0 No 0
18. Do you think there is the need to conserve this (these) plants? .........

VI. GENERAL COMMENT

19. What do you think about herbal medicine? ..
........ .. ' .
. .
.. .
........ .
......................... .

Notes:
.............................................................................................

. ........ .
. .

.................... ......... .
.................................................................... .
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APPENDIX 4: Distribution of plant species used as anti- malaria drugs in
tbe study areas of tbe Central Region .

d· t . tPlants tbat were encountered in II tb tba e ree IS riC S
Local name Scientific name

1. Nsempii Cassia alata (Linn)
2. Coconut Cocos nucifera(Linn)
3. Awonwene Vemonia amYJ;datina(Del)
4. Prekese Tetrapleura tetralJ/era
5. Pawpaw Carica papaya (Linn)
6. Pear Persia Americana (Mill)
7. Mango ManJ;ifera indica (Linn)
8. Mahogany Khaya ivorensis (A.Chev)
9. Nunum Ocimum viride (Willd)
10. Ananse dokono Lantana camara (Linn)
II. Mofrabrode Cassia Ocidentatis (Linn)
12. Lemon grass CymbopoJ;on·citrallls
13. Nyanya Mormordica charantia
14. Bedrui Solanum torvum
IS. Plantain sucker Musa paradisiaca
16. Abomguekyir Phyllanthus amarus
17. Cocoa Theobroma cacao
18. Patalamsa1:uml patakunsoe Acanthospermum hispidum
19. Cassia Cassia siamea (lam)
20. Neem Azadirachta indica (Juss)
21. Okonkroma Morinda lucida (Benth)
22.0gyama Alchonia cordi{otia
23. Nyamedua Alstonia boonei
24. Ahomakyeml Spiropetalum heterophyllum (Sak)

Ahomabosom
25. Guava Psidium J;ujava (Linn)

26. Lime CitntS aurantium (Linn)

27. Pineapple Anana sativa

28. Cassava Manihot esculellla
(Crantz)

29. Akaneadual Jatropha curcas (Linn)

Adaadze
30. Cotton Gossypium arboretum

(Lin~j
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tPI 15 th tan a we."e ellcoun ered m Foso and surroundlDl's
Local Name Scielltific Name

1. Emire Termillalia ivorensis
2. Toanlini Paullillia pinata
3. Samanobi Clausena anisata
4. Nufulen/Nufusuo Kif!elia Africalla(Enf!lJ
5. Tanuro Trichilia monadelpha
6. Abuabua A/aellidia confer/a (Bell/h)
7. Whirernnini Combre/um wandif/orum (G. DOll)
8. Nsurogya Adenia loba/a (Jam)
9. Nsusua Solanum melof!ena
10. Mpupua Pupalia lappacea
11. Kwabohoro Guera cedra/a
12.0semne Cassia nil'rican
13. Potrodom Erythrophleum ivorense

(DC)
14. Kwakuobese Carapa procera
15. Esakosua Celtis A{ricana
16. Nibima Cryptolepis sanf!Uinolen/a
17. Osnkronsroma Par/....ia birdobosa(Benth)
18. Sasanemasa Newbouldia laevis
19. Alena Syzygiunlguineense

(willd)
20. Twiton Sanseviera lonf!iflora
21. Akansa Secllrinef!a virosa
22. Borofo Tamarindus indica (Lillll)
23. Kuntunkuri Bombax brevicllspe

(Spraf!UeJ

24. Dundu Dichros/acys glomerata
(Forsk)

25. Fomizel'be (Ewe) Tridax procumbells
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t d IPI tsan encoun ere only in Asikuma and surroundinl!s.
Local Name Scientific Name

I. AmanafoaIMoentemlObede Voacanf!.a a(ricalla
2. Oil Palm Elaeis ?:Uineensis
3. Asukooko NymDhaea lotus
4. Abrofonkatee Terminalia catapa

(Forst)
5. Aoonkyeabodwese CVllodoll dactyloll
6. Esiaa Petersianthus
7. Millet SOrf!.hllm vu!f!.are
8. Tomato LvcoDersicum esclllelltum
9. Maize Zea mays
10. Teteadupon Callthillm glabriflonml

(Hiern)
11. Sinuro Alstollia boollei

(De Willd)
12. Milkbush/nye me nkvereme Thevetia pen/viana
13. Dandelion Lactllca taraxasifolia
14. Satadua Mallotus oppositifolills
15. Beko TieghmeUa heckelii

(Piere ex A. Chev)
16. Atoa Spodias mombill

(Linll)
17. Yesu mogya JatroDha f!.ossvDifolia

Plants from both Foso and Asikuma

Local Name Scientific Name

I. Akrampan/gyankrudu/ Tapillallthlls ballgwellsis

Okurodu (EIlf!.ler & K Krallse)

2. Mfofobedee ASDilia africalla

3. Onweruna Pleiocarpa mutica

4. Abrewanikankye / Hoslzmdia opposita

Nunumerewa
5. Sweet Potato IDomea batata
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APPENDIX 5: Preparation of Drabkins' Solution for Haemoglobin

Analysis.

The Drabkin's solution used in mixing the blood sample was prepared as

follows:

Potassium Cyanide weighing 0.05grams was added to 250 milliliters of

distilled water. Potassium Ferro cyanide and Sodium Hydrogen Carbonate

weighing 0.20grams and 2.0 grams respectively were added to the solution.

Three drops of non ionic detergent (Noidet P40, Saponin 218 and Triton X

1000) were added and the solution was finally made up to one liter with

distilled water. The prepared solution was poured into a dark bottle and kept at

room temperature for storage. This method was adopted at all the four

hospitals.
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